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ABSTRACT
Many projects are targeted at stimulating economic development. Some research has
studied the overall economic impacts of development proposed. However, quantitative
studies of the spatial distribution of economic impacts are often neglected. In this thesis, I
study ways of modeling the spatial distribution of economic impacts from regional
infrastructure investments. For this study, I assume that certain distributional impacts
depend upon estimated neighborhood-to-neighborhood changes in travel time. I use the
proposed Urban Ring in the Greater Boston Area as my case study, and origin-destination
(O-D) data for metropolitan Boston to identify current journey-to-work commuting
patterns. However, the existing set of ridership data from the Census Transportation
Planning Package (CTPP) are time and skill demanding to manipulate. I also estimate
ridership using residential and job location data without the O-D matrix. I find that the
fractions of total travel time savings are the largest in Allston / Brighton, Jamaica Plain,
and Roxbury. These neighborhoods are characterized by large population sizes and high
population densities; they locate in between the Central Business District and the suburb.
Between the results computed from the two sets of ridership data, there are some
differences in magnitude, but not in the general ranking, of neighborhood impacts.
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CHAPTER 1
INTRODUCTION
1.1 RESEARCH OBJECTIVE
In this thesis, I develop a model to examine the current and anticipated commuting
patterns caused by a transportation infrastructure project, and the relationship between changes in
commuting patterns and economic impacts. The focus of the analysis is short-term distributional
effects of travel time savings; long-term shifts in commuting and land use patterns are not
modeled. Geographic Information Systems (GIS) and readily available data on commuting
patterns, residence characteristics, and employment location are used. The proposed Urban Ring
Project is used as the case of analysis.
1.2 CURRENT METHODS TO STUDY TRAVEL TIME SAVINGS AND ECONOMIC IMPACTS OF
TRANSPORTATION INFRASTRUCTURE PROJECTS
Most transportation infrastructure projects are designed to stimulate economic growth
and development. Although many methods have been developed to study the potential economic
impacts, "economic impacts" are mostly analyzed by Cost-Benefit Analysis method (Banister and
Berechman, 2000; Eberts, 2000), and the scales of analysis for most studies conducted are at
regional level (Weisbrod, 2000). Few studies are oriented towards the distribution of economic
impacts because appropriate model and data for studies of such kind are unavailable. Data needed
for useful studies should describe transportation system characteristics, employment, firm-level
characteristics, transportation financial information, commodity flows, and accompanying
characteristics of the region (Eberts, 2000), and the model should deal with the spatial
characteristics of the area. However, in most cases, such data either do not exist at all or are not
available in user-friendly formats.
1.3 RESEARCH BACKGROUND
As shown in Map 1 in Appendix B, the Urban Ring Project is a 15-mile long inner loop
that connects the airport to other inner city employment centers, using a combination of
transportation system management (TSM), bus rapid transit (BRT) system, and light rail / rapid
transit. 1 The project is selected to be the case study in this thesis for two main reasons. The
primary motivation is that advocates of the Urban Ring argue that many commuters in Boston
and the surrounding area are spending a large amount of time making transfers. This is
particularly true for the transit dependent poor on the south of the proposed Urban Ring. Upon the
completion of the Urban Ring Project, traveling between non-Central Business District areas can
be more direct, and travel time can be reduced (Conservation Law Foundation, 2001). However,
the degree to which commuters will have their commuting improved depends on where they live
and which transportation mode they use. There has been no study so far on how the Urban Ring
Project can save travel time of commuters of different modes of transportation in each area.
The secondary motivation is that the Boston Redevelopment Authority (BRA) is
currently exploring the potential of using an economic model developed by the Regional
Economic Modeling, Inc. (REMI) to forecast economic impacts of several infrastructure projects
in Boston, one of those being the Urban Ring Project. However, the smallest geographic unit of
1 Details of the Urban Ring Project are described in Section 2.7.
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forecasts generated by the REMI model is Suffolk County. Economic impact analyses for any
geographic units smaller than Suffolk County are not available. It is still uncertain whether or not
the REMI model is the best economic model for forecasting economic impacts generated by the
Urban Ring. The Urban Ring involves more than one jurisdiction,2 and spillover effects are large;
moreover, the Urban Ring and REMI's forecasts focus on different geographic scales. If a model
is developed to forecast the spatial distribution of benefits (such as reduction in travel time) by
geographical units smaller than the county level, then certain relevant economic impact forecasts
generated by the REMI model or other economic models can be analyzed spatially. Therefore, the
Urban Ring Project is a good case for many research topics.
Because of its many interesting characteristics, I use the proposed Urban Ring Project as
the case to model spatial distribution of travel time savings, and will comment on how travel time
savings distribution can be translated into labor productivity change distribution.
1.4 RESEARCH SPECIFICS AND DATA
The focus of spatial impacts from the Urban Ring Project is short term. Land use and
commuting pattern do not change within the time frame of this study. Although some changes in
land use and residence-work commuting patterns are expected in a longer term, it is beyond the
scope of this study to also account for the possible long term shifts.
I assume that the distribution of certain economic impacts depend upon the distribution of
travel time savings. Travel time savings can be approximated by travel distance savings with
some adjustments for average speeds, and the distance can be calculated with Geographic
2 The Urban Ring is designed to loop through Chelsea, Everett, Somerville, Cambridge, Brookline, and
seven neighborhoods in Boston.
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Information Systems (GIS) skills, using appropriate geographic data. Total travel distance savings
in a neighborhood can then be computed with O-D distribution data.
The best source of ridership data is the Census Transportation Planning Package (CTPP).
The CTPP data are a set of transportation data tabulated by number of trips made for each origin-
destination (O-D) pair based on 1990 Census data, and is produced by the U.S. Department of
Transportation. The number of trips for each O-D pair at the census tract level is available from
the CTPP data. However, it is very time and skill demanding to extract the CTPP ridership data
into useable formats. Analysts would be interested in using simpler methods and other data sets
that can estimate ridership if the estimates are close enough to the CTPP ridership. Therefore, a
second set of data from two sources - the 1990 Census data containing residential characteristics
and the 1990 job location data from Central Transportation Planning Staff (CTPS) - are used.
Both Census residential data and CTPS job location data are available in relatively user-friendly
formats.
Two scenarios are built based on different assumptions. In Scenario A, all commuters are
assumed to benefit (in terms of travel time savings) from the Project, regardless of transportation
mode used. This can happen in two possible cases: (1) all private vehicle commuters shift to
transit; or (2) there is a large enough number of private vehicle riders shifting to transit, such that
traffic on the road is sufficiently reduced, which in turn reduces travel time of the rest of private
vehicle riders who do not shift their mode of transportation. In reality, the Urban Ring is targeted
at improving commuting of transit riders, and it will save at most only a limited amount of time
for private vehicle riders. Therefore, total travel time savings is overestimated when it is
computed under the assumption that all commuters benefit from the Project. Nonetheless, travel
time savings computed in this scenario is the maximal possible savings. In Scenario B, only
transit riders are assumed to benefit from the Project because the Urban Ring will make residence
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- work journey routes more direct. This set of estimations is computed based on the current
commuting behavior, assuming that no commuters shift transportation modes. However, some
private vehicle riders will find the Urban Ring very convenient, and they will shift to ride transit
instead. As a result, on top of the current transit riders, there are other commuters who also have
travel time saved. Therefore, the overall impacts estimated under Scenario B will tend to be
underestimated.
The distribution of travel time savings can then be used to forecast distribution of
selected economic impacts. There are several economic models available that forecast economic
impacts at the county level or higher; in this thesis, the REMI model is used. I will discuss
whether or not the REMI model is appropriate to forecast economic impacts of the Urban Ring.
My discussion is based on the way the REMI model deals with reduction in travel time caused by
a transportation infrastructure project.
1.5 THESIS STRUCTURE
In Chapter 2, I briefly present the current spatial pattern in Greater Boston, and the
economic benefits that can be expected from the Urban Ring based on such situations. In
Chapter 3, I explain the model that I have developed for forecasting distribution of distance
savings in residential - work trips. In Chapter 4, I present and discuss the results computed with
the two sets of ridership data. The results are compared in Chapter 5. Chapter 6 is a discussion
on the limitations of my model and the REMI model, and Chapter 7 is the conclusion. I integrate
the distribution of travel time savings with the REMI model in Appendix A.
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CHAPTER 2
CURRENT SPATIAL PATTERN IN METROPOLITAN BOSTON
The main objective of this thesis is to forecast the distribution of benefits, in terms of
travel time saved, caused by the Urban Ring Project. From the travel time savings distribution,
the different impacts on all commuters or transit riders in each neighborhood can be analyzed.
However, it is difficult to imagine the possible impacts without understanding the current spatial
pattern in the region. Therefore, in this chapter, the spatial pattern of population, commuting
behavior, economic activities, public transportation services, and land use are studied.
The focus of the study is on the 16 Boston neighborhoods and the other three Suffolk
County cities (Chelsea, Revere, and Winthrop). However, four other "Urban Ring cities"
(Brookline, Cambridge, Everett, and Somerville) are also studied because of their proximities to
the Urban Ring structure. A map showing the locations of neighborhoods and cities being studied
can be found in Map 1: Boston Neighborhoods and the Proposed Urban Ring, and a list of the
neighborhoods and the cities can be found in Appendix B-2.
2.1 POPULATION DENSITY AND OTHER DEMOGRAPHIC CHARACTERISTICS
Map 2 and Map 3 shows the population densities and residential employment densities 3
in Suffolk County and part of the metropolitan area, respectively. From Map 2, Map 3, and Table
2.1, one can observe that neighborhoods that are closer to central Boston, such as Back Bay /
Beacon Hill, South End, and Fenway / Kenmore, have very high population densities. Population
sizes are large in Allston / Brighton, Roxbury, and Jamaica Plain; these neighborhoods are to the
south or to the west of the Central Business District (CBD), but are not very far away from it. 4
However, from Map 2, one can observe that population densities in Roxbury and Jamaica Plain
are not uniformly distributed; they are much higher in areas that are closer to the CBD. To the
east of the CBD, population sizes in East Boston, South Boston, and Chelsea are similar.
However, because large tracks of land in the former two neighborhoods are not zoned for
residential use, 5 the overall population densities in East Boston and South Boston are lower than
that in Chelsea. In the more remote neighborhoods, such as West Roxbury, Hyde Park,
Roslindale, and Winthrop, population sizes are smaller, and population densities are lower.
Relatively fewer people prefer to reside in these remote neighborhoods as compared to those
closer to the CBD, possibly due to the less well provided public transportation and other services
in the area as well as historical zoning pattern. This will be discussed later in this chapter.
Population sizes and densities also vary in cities outside Suffolk County. Both Cambridge
and Somerville have very large population sizes and high population densities. Brookline also has
a rather large population size, but the city's population density is low because it has a large land
area. However, population density distribution in the city is not uniform; most of the people
reside in the T-accessible areas. In Everett, population size is small and population density is low
when compared with other "Urban Ring cities".
3 Residential employment density is defined as the number of employed residents who are age 16 and over
and do not work at home living in a unit area of land.
4 The centers of Allston / Brighton, Roxbury, and Jamaica Plain are within 10 miles from the CBD.
s The Logan International Airport is located in East Boston, and the piers are located in South Boston.
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TABLE 2.1 POPULATION SIZES AND DENSITIES OF EACH SUFFOLK COUNTY
NEIGHBORHOOD AND NEIGHBORING CITIES
Population Fraction of Land Area Population
Neighborhood / Cities Population Density
(persons) (%) (acre) (persons per
acre)
East Boston 34,156 3.7 2,957 11.6
Charlestown 16,974 1.8 812 20.9
outh Boston 31,825 3.4 1,983 16.1
Central 21,666 2.3 884 24.5
Back Bay I Beacon Hill 24,666 2.6 581 42.4
South End 32,888 3.5 831 39.6
Fenway / Kenmore 33,526 3.6 801 41.9
Allston / Brighton 70,284 7.5 2,955 23.8
Jamaica Plain 41,448 4.4 2,073 20.0
Roxbury 57,532 6.2 2,857 20.1
North Dorchester 26,425 2.8 1,243 21.3
South Dorchester 59,727 6.4 2,540 23.5
Mattapan 35,895 3.8 1,564 22.9
Roslindale 30,298 3.2 1,951 15.5
West Roxbury 29,716 3.2 3,501 8.5
Hyde Park 32,621 3.5 3,155 10.3
Chelsea 28,710 3.1 1,401 20.5
Revere 43,344 4.6 3,865 11.2
Winthrop 18,904 2.0 1,329 14.2
Brookline 54,718 5.9 4,365 12.5
Cambridge 95,802 10.3 4,562 21.0
Everett 35,701 3.8 2,333 15.3
Somerville 76,210 8.2 2,696 28.3
otal 933,036 100.0
Sources:
-Population data from 1990 Census.
-Neighborhood and city border from Boston Redevelopment Authority (BRA) and 1990 TIGER files from
US Bureau of the Census.
-Land area calculated by ArcView, based on 1990 TIGER files.
-The 16 Boston neighborhoods are listed on the top of the list, in the order according to the
neighborhood's proximity to the CBD.
The rest of the Suffolk County cities are listed after the Boston neighborhoods, followed by the other
"Urban Ring cities".
Besides population density distribution, household income distribution is another
demographic characteristic worth looking at. From Map 4: Median Household Income, if the
focus of analysis is within 10 miles of the CBD, one can observe that the median household
income distribution is doughnut-shaped. This means that within 10 miles of the CBD, the median
household incomes are high in the CBD, much lower in the areas right next to the CBD, and then
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higher further away in the suburb areas. From Map 4, median household incomes are the lowest
in places that are in between the CBD and the suburbs, such as the large, low-income area in
Roxbury. Besides, most blockgroups in North Dorchester, South End, and South Boston have
below-average median household incomes. Areas in the CBD, such as Back Bay / Beacon Hill,
and areas closer to the suburbs, such as Brookline, Allston / Brighton and the western part of
Cambridge have higher median household incomes.
2.2 ECONOMIC ACTIVITIES
Despite the fact that there was some sprawling of businesses to the outer belt of the
region during the last few decades, the Central Business District (CBD) in the City of Boston is
still the major cluster of most economic activities today. In 1990, 25 per cent of all private
business employment in the Consolidated Metropolitan Statistical Area (CMSA) is in Boston,
while only 14 per cent of the CMSA's population lives in the city. 6 As shown in Map 5: Job
Density and Other Major Economic Activity Centers, Central is leading other Suffolk County
neighborhoods in job density, while at the same time, a large number of employments are also
found in other CBD neighborhoods, such as Fenway / Kenmore, South End, South Boston,
Charlestown, and the part of Allston / Brighton that is attached to Fenway / Kenmore. Beyond the
boundary of the City of Boston, job densities are also relatively high in Cambridge, Longwood
Medical Area in Brookline, and the southern part of Somerville, when compared with the rest of
the CMSA region. Most other economic active centers, such as movie theatres and play theatres,
sports stadiums, large shopping centers, and major hospitals, are also found in the above areas.
Therefore, there is a high demand for commuting to these places. Map 6 shows the distribution of
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employment-to-labor force ratio at the neighborhood level. If the employment-to-labor force ratio
is large, there are more jobs than residents in the neighborhood. Therefore, many workers are
expected to commute into the neighborhood. Examples of neighborhoods with large employment-
to-labor force ratios are Central, Cambridge, South Boston, Back Bay / Beacon Hill, and Fenway
/ Kenmore. If the employment-to-labor force ratios are small, there are more residents than jobs
in the neighborhood. Many workers are expected to commute to other neighborhoods to work.
Examples of such neighborhoods include Roslindale, Mattapan, South Dorchester, and Winthrop.
The following diagram explains the relationship between employment-to-labor force ratio and
direction of residence-to-work commuting.
Dominant direction of Residence-to-Work Commuting
Neighborhood i Neighborhood j
Low employment-to- High employment-to-
labor force ratio. Fewer labor force ratio. More
jobs than residents. jobs than residents.
In fact, one out of every eight trips made on the T (Boston's rapid transit system) starts
and / or ends in the Urban Ring corridor (Conservation Law Foundation, 2001). However, due to
the radial nature of the transit network, most transit riders need to route the residence - work trips
through the downtown, although it is not the most direct and fastest way to travel to their
destinations.
6 Economic data from Bluestone and Stevenson as calculated with Commonwealth of Massachusetts data;
city population data from Commonwealth of Massachusetts homepage; MSA population data from
Census Bureau homepage.
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However, when Map 2: Population Density, Map 3: Residential Employment Density,
and Map 5: Job Density and Other Economic Activity Centers are compared, one can observe that
population densities are more uniformly distributed than job densities. In other words, the
population gradient is lower than the job gradient. This is another indication that a lot of people
who live in places outside the CBD need to commute to the area for work, shopping, or other
economic activities. When the map of job locations and economic activity centers (Map 5) and
the maps of population and residential employment densities (Map 2 and Map 3) are overlaid, one
can observe that many economically active centers and some high population density areas do not
coincide. Using Roxbury as an example, there are no cinemas / theatres, large shopping centers,
and large employers in the community. It is therefore safe to conclude that most of the Roxbury
residents need to commute to other regions to work or for leisure activities. Applying the same
reasoning, it can be seen that there is a high demand of commuting from the non-CBD
neighborhoods to the CBD.
At this point, it is important to note that businesses and jobs are in fact gradually
spreading out to places outside Boston. Between 1972 and 1990, Boston's share of employment
in the Consolidated Metropolitan Statistical Area (CMSA) has dropped. The changes in several
sectors are highlighted in the following table:
TABLE 2.2 BOSTON AS PERCENTAGE OF CMSA, PRIVATE-SECTOR EMPLOYMENT,
1972 AND 1990
1972 1990
Total Private 31.5 24.5
Manufacturing 15.8 9.2
Trade 29.2 15.9
Finance, Insurance, and Real Estate (FIRE) 66.5 47.4
Services 38.9 32.4
Source: Bluestone and Stevenson (2000),
calculated from 1999 Commonwealth of Massachusetts data.
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A large number of new employment and many new establishments are found in places
outside the city of Boston. For example, in the high technology industry, employment along
Route 128 has increased from 61,000 in the late 1960's to more than 140,000 in 1992, and the
number of establishments has increased from 268 to 2,514 for the same time period (Saxenian,
1996). If the trend of sprawl is to continue in the next few decades, more and more jobs and
establishments will be found outside the City of Boston. In other words, the demand of
commuting to the non-CBD areas is increasing, given that the trend is expected to continue.
2.3 RADIAL TRANSIT SYSTEM
The mass transit system of Boston is characterized by its radial nature, heading into the
city from the surrounding suburbs. This means that trips with origins or destinations in the CBD
are easy to make, but circumferential travel is slow and difficult. If one travels within, to, and / or
from the Urban Ring corridor, transfers are often needed, making the trips time-consuming and
inconvenient (MBTA Newsletter, Winter 2000/2001).
Some densely populated areas, such as certain places in Roxbury, Jamaica Plain, South
Boston, and Somerville, etc., are not well served by the transit, or are served by a transit line that
does not go to other areas except downtown Boston. This is best illustrated by a trip made from
Jamaica Plain to North Dorchester. For example, if a person wants to ride the rapid transit (the
"T") from Jamaica Plain to North Dorchester, then he/she must take the Orange Line to
Downtown Crossing Station first, and make a transfer there to the Red Line. ArcView's Network
Analyst tool can draw the person's route and calculate the trip distance. Assume the origin is 330
Lamartine Street, Jamaica Plain, an address near Green Street Station along the Orange Line
(Point A), and the destination is 50 Playstead Road, North Dorchester (Point B).
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The direct road distance between the two locations are just 3.68 miles apart, which is
represented by the zigzag line from A to B. However, if the commuter decides to ride the rapid
transit, the new route would be from A (point of origin in Jamaica Plain) to C (Downtown
Crossing Station), then from C to B (point of destination in North Dorchester). An additional 4
miles are needed:
TABLE 2.3 DIRECT VS. INDIRECT ROUTES FOR A JAMAICA PLAIN - DORCHESTER TRIP
ROAD ROAD
FROM To DISTANCE DISTANCE
(meters) (miles)
ROUTE 1: DIRECT TRIP 300 Lamartime St, 50 Playstead Rd, North 5,915 3.68
Jamaica Plain Dorchester
ROUTE 2: TRANSFER AT 300 Lamartime St, 400 Washington St,
DOWNTOWN CROSSING Jamaica Plain Boston (Downtown 6,745 4.19
Crossing T)
400 Washington St, 50 Playstead Rd, North
Boston (Downtown Dorchester 5,610 3.49
Crossing T)
Total 12,355 7.68
[Additional 6,440 4.00
Sources: ArcView Network Analyst, 1990 Census TIGER file
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Although there are buses that provide more direct services in areas which are less well
served by the rapid transit (see example above), buses generally have a lower speed, are less
reliable, have lower capacities, have higher operation costs than rapid transit (Vuchic, 1992), and
involve relatively inconvenient transfers.
In Map 7: Commute Time to Work, the average commute time to work for residents in the
CBD area in Boston and Cambridge is short, mainly because of the short distance between places
of residence and places of work for residents in these two areas. However, for residents in the
southern part of Boston, such as Roxbury, South Dorchester, Mattapan, Roslindale, and Hyde
Park, the average commute time to work is much longer. This is probably because of two reasons.
First, many commuters living in these areas are riding the transit to work, and their work places
are not directly connected by the transit. Several transfers are often needed. Second, few job
opportunities exist in these areas, and most workers have to commute far to work. For commuters
living further away in the suburbs, the average commute time to work is slightly shorter. This is
probably because most of these commuters drive to work, and as long as there is no heavy traffic,
they should not experience horrendous traveling.
2.4 DOMINANT MODE OF TRANSPORTATION
Commuters in Boston are rather transit-dependent. From Map 8: Percentage of Public
Transportation Commuters, the proportion of commuters in Boston and other Urban Ring cities
(Brookline, Cambridge, Everett, and Somerville) riding the transit is higher than that in the
suburbs further away from the CBD. Many blockgroups have at least 30 per cent of their
commuters riding transit. Even in some places where commuters are not reached by the rapid
transit system, such as Roxbury, Somerville, Mattapan, and Hyde Park, the percentage of
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commuters riding transit is still high. Table 2.4 also shows the distribution of different modes of
transportation used by commuters in the neighborhoods.
T ABLE 2.4 DISTRIBUTION OF DIFFERENT MODES OF TRANSPORTATION USED
Note:
"Transit" includes "Bus of Trolley Bus", "Streetcar or Trolley Car", "Subway or Elevated",
"Railroad", and "Ferryboat".
"Private" includes "Drive Alone" and "Carpooling".
"Others" includes "Taxicab", "Motorcycle", "Bicycle", "Walked", and "Other Means".
The 16 Boston neighborhoods are listed on the top of the list, in the order according to the
neighborhood's proximity to the CBD. The rest of the Suffolk County cities are listed after
the Boston neighborhoods, followed by the other "Urban Ring cities".
Source: Census Transportation Planning Package, 1990.
Several reasons can explain the transit dependency in Suffolk County. First, high
population densities in most places in the County, in particular the neighborhoods near the CBD,
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PERCENTAGE OF COMMUTERS USING EACH MODE OF
TRANSPORTATION (%)
PRIVATE ALL
NEIGHBORHOOD / CITY TRANSIT VEHICLES OTHERS COMMUTERS
EAST BOSTON 40.0 51.1 8.9 100.0
CHARLESTOWN 31.9 50.8 17.3 100.0
OUTH BOSTON 32.6 53.6 13.8 100.0
CENTRAL 23.8 23.5 52.6 100.0
BACK BAY/BEACON HILL 25.0 26.0 49.0 100.0
SOUTH END 33.9 35.1 31.0 100.0
FENWAY/KENMORE 34.2 16.7 49.1 100.0
ALLSTON/BRIGHTON 40.1 49.1 10.8 100.0
JAMAICA PLAIN 36.5 50.0 13.5 100.0
ROXBURY 38.2 54.7 7.2 100.0
NORTH DORCHESTER 33.0 58.4 8.7 100.0
SOUTH DORCHESTER 30.0 64.8 5.2 100.0
MATTAPAN 32.4 64.4 3.2 100.0
ROSLINDALE 28.7 68.0 3.3 100.0
WEST ROXBURY 16.4 80.4 3.2 100.0
HYDE PARK 22.2 72.9 4.9 100.0
CHELSEA 23.3 65.1 11.6 100.0
REVERE 21.1 73.9 5.0 100.0
WINTHROP 24.9 68.7 6.4 100.0
BROOKLINE 29.1 56.3 14.5 100.0
CAMBRIDGE 24.5 46.4 29.2 100.0
EVERETT 17.6 76.0 6.4 100.0
OMERVILLE 28.1 58.3 13.7 100.0
verage 29.3 54.4 16.3 100.0
Roxbury, Jamaica Plain, and Cambridge, imply that demand, and hence prices, for land in those
neighborhoods are high. Consequently, it is expensive and difficult to find a parking space.
Second, as shown in Map 4: Median Household Income, the median household incomes in some
neighborhoods, such as Roxbury and South Boston, are below average. Many of these low-
income families find car-ownership unaffordable. The two effects have led to a high demand for
transit, despite the fact that the public transportation services in the area receive much criticism.
2.5 LAND USE
The last characteristic to study is land use. Through land use distribution, commuting
pattern and development potential of land can be examined. In Map 9, a 1990 land use map of
Suffolk County and neighboring cities is shown. Although all cities dedicate most of their land
areas to residential purposes, the proportions and distributions differ. In Boston, most of the
multi-family residential land is found in South Dorchester, North Dorchester, Roxbury, Jamaica
Plain, Mattapan, South End, and Allston / Brighton. High density residential areas are mostly
found in Hyde Park, West Roxbury, Roslindale, and Allston / Brighton. Medium and low density
residential lands can rarely be found in Boston. Both Brookline and Somerville are highly
residential -with close to 60 per cent of their total land areas as residential use. However,
Somerville has a much higher residential density than Brookline. Almost all residential areas in
Somerville are multi-family residential, while most of Brookline's residential land areas zoned
for high density, medium density, and low density. Residential zones in Chelsea and Everett are
dominated by multi-family residential type. High travel demand is expected to originate from
these highly populated areas.
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In Boston and Cambridge, commercial use is the next largest land use category after
residential. Most of the commercial areas in Boston cluster in downtown, with the rest scattered
along the major roads in the city; commercial areas in Cambridge are mainly found along
Massachusetts Avenue, Harvard Square, Porter Square, and Kendall Square. High demand in
commuting to these commercial and residential areas are expected. Large pieces of industrial land
can also be found in Everett and Chelsea. While Everett is highly industrial with 20 per cent of its
land areas dedicated to the use, Chelsea has a very mix-used landscape with 15 per cent of land
areas dedicate to both commercial and industrial uses. Therefore, it is also expected that many
trips will have destinations in these two neighborhoods.
Large pieces of open land can be found in Roxbury, Jamaica Plain, Roslindale, Mattapan,
Hyde Park, West Roxbury, Brookline, and Winthrop. Many of these open land patches are parks
(for example, Franklin Park), hills (for example, Stony Brook), wetlands, and the like. They are
generally not developable.
TABLE 2.5 PERCENTAGE OF 1990 LAND USE IN EACH CITY (%)
LAND USE Boston Brookline Cambridge Chelsea Everett Somerville
Total Residential 41 59 38 38 44 59
RO - Multifamily 20 9 26 30 38 59
R1 - High Density 20 25 5 8 6 0
R2 - Medium Density 1 12 6 0 0 0
R3 - Low Density 0 14 0 0 0 0
UC - Commercial 12 8 20 15 4 9
UI - Industrial 3 0 4 15 19 11
Others 44 33 38 32 33 21
Total 100 100 100 100 100 100
Town Acres 31,618 4,366 4,585 1,588 2,340 2,712
Sources: MassGIS, ArcView
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2.6 DISADVANTAGEOUS NEIGHBORHOODS
After studying the population density, job location, commuting behavior, medium
household income, land use pattern, and public transportation services provision in the region,
several neighborhoods can be identified as being in a disadvantageous position. For example,
Roxbury has a relatively high population density (Map 2 and Table 2.1), and medium household
income in the neighborhood is below average (Map 4). Residents in these neighborhoods are
rather transit-dependent (Map 8) partly because low-income families find automobiles
unaffordable. Although job opportunities exist in the area, many residents still want to work
outside the neighborhood because there are more opportunities in the CBD and other areas such
as the Longwood Medical Area. However, Roxbury is not directly reached by the rapid transit.
Therefore, transit riders can either ride the bus or transfer from a bus to the rapid transit in order
to get to the CBD. If they go to areas other than the CBD, then they have to depend on the buses
that provide direct services but are slower and less reliable, or make transfers with the rapid
transit, which is extremely inconvenient and has travel time delayed by the transfers. However,
many commuters experience the inconvenient traveling since they are transit-dependent. In fact,
the average travel time for Roxbury residents is high (Map 7) compared with residents in nearby
places. It is expected that traveling of Roxbury commuters can be improved by a better designed
and operated transportation system.
2.7 THE URBAN RING
The Urban Ring Project is designed to connect the radial transit lines and bus routes. It is
intended to help make the entire regional transportation system more efficient and reduce trip
times and the need to make transfers for transit riders. It is a 15-mile long circumferential corridor
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that loops through Chelsea, Everett, Somerville, Cambridge, Brookline, and Boston. In the most
recent Major Investment Study (MIS), the implementation of the Project consists of three phases.
The first phase is characterized by a bus optimization (Transportation System Management, or
TSM) element. It aims at optimizing existing conventional bus service in the Project corridor, and
is expected to last for 5 years. The second phase is characterized by the bus rapid transit (BRT)
system and supporting elements, which include the construction of grade-separated rights of way
to reduce congestion, modification of surface streets, and purchase of equipments. It is expected
to occur within 10 years of MIS completion. In the third phase of the Project, either light rail or
rail rapid transit will be added in the most heavily traveled section of the corridor between
Assembly Square in Somerville and Dudley Square in Boston. It is expected to occur within 15
years of MIS completion (MBTA Newsletter, Winter 2000/2001).
Therefore, upon the completion of the Urban Ring Project, transit riders who must now
travel to downtown and make transfers to get to their destinations would be able to travel in a
more direct route and thus save travel time. It will be particularly welcomed by the poor and
working-class city residents, who often must rely on the transit to work, shop, and get healthcare.
Moreover, there is potential for new housing, jobs, and businesses to cluster along the new transit
stations, thus triggering local economic development (Conservation Law Foundation, 2001).
One primary concern to planners and analysts is the spatial distribution of the various
possible benefits brought by the Urban Ring. However, there has not been any quantitative study
on the analysis of such distribution. In this thesis, a model that forecasts the distribution of
savings in travel time to residents at the neighborhood level is developed. Methodologies, results,
and discussions are found in the next few chapters.
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CHAPTER 3
METHODOLOGY
3.1 INTRODUCTION
In this chapter, I will explain the methodology I have developed to study the distribution
of residence-work trip time savings as a result of the Urban Ring Project.
3.2 GEOGRAPHIC UNIT OF ANALYSIS
Geographical scale of analysis in Boston is the 16 neighborhoods. 7 The harbor islands are
be excluded because (1) the Urban Ring can hardly affect residents in those islands; and (2) only
a few people reside on those islands, and only a few jobs exist there. Any trip to / from the island
will not yield significant effects on our analysis.
Geographical scale of analysis outside Boston will be the cities in Suffolk County -
Chelsea, Revere, and Winthrop. For simplicity, when I refer to the term "neighborhoods" in the
rest of this paper, these three Suffolk County cities are also included.
I focus on analyzing the spatial distribution of travel time savings solely in Suffolk
County because the REMI version I use only generates forecasts for Suffolk County and the
neighboring four counties.8 As an exploratory study to forecast travel time savings distribution,
and to ingrate travel time savings distribution with economic impacts, I will focus on the
forecasts for a smaller region in this thesis. However, because of the proximity of other "Urban
7 Please refer to Map 1 and Appendix B-2 for the location and list of neighborhoods.
Ring Cities" (cities that the Urban Ring loops through: Brookline, Cambridge, Everett, and
Somerville) to Suffolk County and heavy commuting made by Suffolk County residents to these
cities, commuting to the Urban Ring Cities are also included in the calculation.
3.3 FACTORS CONTRIBUTING TO SPATIAL DISTRIBUTION OF SAVINGS IN TRAVEL TIME
Ideally, to assess the impacts of the Urban Ring in terms of reduction in travel time,
travel time savings for each origin - destination (O-D) pair should be analyzed. However, such
data is not readily available. It will be much easier to estimate travel time based on travel distance
of each O-D pair. Since travel distance and travel time are positively and highly correlated, I will
use decrease in travel distance to approximate savings in travel time.
There are two main factors that directly affect the savings in travel time to a
neighborhood. These two factors are:
1. Effective Trip Distance Savings
a. Residence - work travel distance reduction (for base case)
b. Intensity of use (ridership) of each residence - work trip (for base case)
2. Percentage of public transportation commuters in each neighborhood (for scenarios)
Both components are essential. For instance, if no commuters are making use of a given
trip, impacts generated will be negligible even though reduction in the corresponding residence-
work trip is significant. Effective trip distance savings will be small in this case. Similarly, if a
given trip is intensely used, the aggregated impacts can be huge in spite of its small savings in
travel distance. Effective trip distance savings in this case will be large. Ridership data are
8 The neighboring four counties are: Essex, Middlesex, Norfolk, and Plymouth.
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available from the O-D trip distribution, or can be estimated from the number of employed
residents and the number of jobs in each neighborhood. I will elaborate on this reasoning later.
Since it is believed that commuters using each transportation mode will benefit from the
Project in different ways, two scenarios are developed to account for the differences. The
percentage of public transportation commuters will be the primary difference between the two
scenarios. In Scenario A, it is assumed that all commuters will benefit from the Project, regardless
of their modes of transportation; in Scenario B, it is assumed that only transit riders will benefit
from the Project.
3.3.1 GENERAL ASSUMPTIONS
I assume the Urban Ring Project will start being implemented in 2002, two years after the
scheduled release of the Major Investment Study (MIS) Report. If there is no delay in project
implementation, it is scheduled that most capital costs should have been invested in 2016, fifteen
years after it begins.
In this model, I assume that there is no major change in land use pattern between 1990 9
and 2016. By this assumption, it follows that there is no major population and business relocation
and no major change in commuting pattern (in terms of trip origins and destinations, mode of
transportation, and ridership).
9 Most of the data I use were collected in 1990.
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3.3.2 RESIDENCE - WORK TRAVEL TIME SAVINGS
Ideally, I should use travel time savings to each area as the measure for the analysis.
However, in the absence of such data, I use the change in travel distances weighted by road type
as an approximation to change in travel time. In calculating the decrease in residence-work trip
distances, I will only focus on those commuters who reside in Suffolk County.
3.3.2.1 ORIGIN AND DESTINATION
I will use the neighborhoods as defined by the Boston Redevelopment Authority (BRA)
both as place of residence and place of work. However, in order to present the methodology more
clearly, I will use "Neighborhood" and "Work Zone" respectively to represent places of residence
and places of work, although they are in fact the same polygons. There are 19 residential
neighborhoods in Suffolk County. Neighborhoods 1 to 16 correspond to the 16 Boston
neighborhoods; neighborhoods 17 to 19 correspond to the non-Boston cities in Suffolk County
(Chelsea, Revere, and Winthrop). Only residence - work trips with origins in Suffolk County are
analyzed because I am interested in the Urban Ring's impacts on Suffolk County residents.
However, a number of Suffolk County residents work in places outside the County. Therefore,
the number of work zones analyzed is larger than the number of residential neighborhoods. There
are 24 work zones. Work zones 1 to 19 correspond to neighborhood 1 to 19, work zones 20 to 23
correspond to the non-Suffolk cities that intersect with the Urban Ring (Brookline, Cambridge,
Everett, and Somerville); work zone 99 corresponds to "other" work zones. Travel distance with
destinations in the "Urban Ring Cities" 10 calculated separately, because savings in travel distance
to / from these "Urban Ring Cities" are expected to be large. Map 1 shows the locations of
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neighborhoods and work zones, and a list of neighborhoods and work zones can be found in
Appendix B-2 for easier reference.
The underlying assumption in using neighborhoods as places of origin and destination is
that all commuters of an O-D pair begin their trips at the same point in the origin neighborhood,
and end their trips at the same points in the destination neighborhood. In this thesis, the label
points, which are also known as the label points, are used to represent the location in the
neighborhood where trips begin and end. However, the label points may not be the most
representative points of the neighborhoods, and the non-representativeness of label points may
affect the trip distances computed based on these points. More discussion on this issue can be
found in Chapter 8.
3.3.2.2 TRIP DISTANCE ESTIMATION
I then calculate the road distance of each residence-work trip, both before and after the
Urban Ring Project. This is done by ArcView's Network Analyst Extension function on the road
layer prepared by Environmental Systems Research Institute, Inc. (ESRI) in 1998. Avenue
Programming is also used to repeat the calculations for all possible O-D combinations of
neighborhoods. Since ease of travel on each type of road differs, it is necessary to make the travel
distance a better approximation to travel time by weighting distance by road type; by doing so,
the weighted distance for major roads is shorter, and weighted distance for not-so-major roads
will be longer. Since the best possible travel condition of the Urban Ring is equal to the "Primary
Roads with Limited Access" (for example, highways), I assign the smallest weight (=0.7) to the
10 "Urban Ring Cities" is defined as the cities intersecting with the Urban Ring. The non-Suffolk County
"Urban Ring Cities" include Brookline, Cambridge, Everett, and Somerville.
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Urban Ring segments. It is based on the assumption that the Urban Ring should facilitate
transportation to the largest extent. Weights assigned for each type of roads are as follows:
TABLE 3.1 ASSIGNING WEIGHTS TO ROADS BY ROAD TYPE
(note: both labels and road types are assigned by ESRI)
For the rest of this paper, travel distance calculated are actually distance weighted by
road type, which is a better estimate of travel time.
Because of the radial characteristics of Boston's transit system, I also assume that all O-D
pairs before the Urban Ring Project will route through Downtown Crossing Station, and all O-D
pairs will be impacted by the Urban Ring Project. However, there are exceptions, and these
exceptions will be explained later in this section. I select Downtown Crossing Station to be the
transfer station because it connects the Red and Orange Lines, and is within walking distance
from Park Street Station where transfers from the Green and Red Lines can be made. With the
Urban Ring Project, however, the trips will be the shortest distance from the place of residence to
the place of work via the Urban Ring.
Label / Type of Roads Weight
Primary Road with Limited Access 0.7
Primary Road 0.8
econdary and Connecting Road 0.9
LocalRoad 1
Road, Major and Minor Categories Unknown 1
Ferry Crossing 1.2
Urban Rin 0.7
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3.3.2.3 CHANGE IN TRAVEL DISTANCE
If two neighborhoods are not directly connected by the radial transit system, then the
Urban Ring may save travel distance because there is no need to make a longer trip through
Downtown. This is illustrated by the following diagram:
Suppose the Urban Ring is represented by the circle. X and Y are two neighborhoods
respectively. C is the city's center where transfers are made; in the case of the Urban Ring, C is
Downtown Crossing Station. A and B are the entry / exit points to the Urban Ring. Without the
Urban Ring, all trips must be routed through C. Therefore, trip distance between X and Y without
the Ring is the distance between neighborhood X and downtown C plus that between downtown
C and neighborhood Y (XC + CY). With the Urban Ring, there is no need to route through C.
Therefore, the new trip distance with the Urban Ring is the distance between neighborhood X and
entry A, plus the segment distance along the Urban Ring between entry A and exit B, and
distance between exit B and neighborhood Y (XA + AB + BY). If the combined distance between
entry A and downtown C plus that between downtown C and exit B is greater than the segment
distance between A and B ([AC + CB] > AB), then the difference ([AC + CB] - AB) is the travel
distance saved by the Urban Ring for trip X-Y.
Now, suppose travel distance for trip i-j before the Urban Ring is Dby and travel distance
for trip i-j after the Urban Ring is Day, change in travel distance will be [Dby - Da0 ]. If, with the
Urban Ring, travel distance becomes shorter for that O-D pair, then [Dbyj - Day] > 0. If there is an
increase in travel distance for that O-D pair, then [Dby - Day] < 0. Because commuters benefit
only when there is a decrease in residence-work trip distance, I will only consider the cases where
[Dby - Da] > 0 to calculate the total savings in residence-work trip distance. When i=j, d0 is zero
since in this model, there is no travel between two points at the same location.
Savings in residence - work trip distances with destinations in places that are neither in
Suffolk County nor in the Urban Ring cities (that is, in "Work Zone 99") are assumed to be zero
because it is assumed that impacts on these trips will be indirect and negligible.
Since there are 19 origins (residential neighborhoods) and 24 destinations (work zones), a
19 x 24 matrix will be produced:
TABLE 3.2 CHANGE IN RESIDENCE - WORK TRIP DISTANCE
Work Zone (Destination)
1 2 ... 18 19 20 ... 23 99
1 d(1,1) d(1,2) ... d(1,18) d(1,19) d(1,20) ... d(1,23) d(1,99)
0 2 d(2,1) d(2,2) ... d(2,18) d(2,19) d(2,20) ... d(2,23) d(2,99)
A [ 3 d(3,1) d(3,2) ... d(3,18) d(3,19) d(3,20) ... d(3,23) d(3,99)
o M
00 17 d(17,1) d(17,2) ... d(17,18) d(17,19) d(17,20) ... d(17,23) d(17,99)
18 d(18,1) d(18,2) ... d(18,18) d(18,19) d(18,20) ... d(18,23) d(18,99)
19 d(19,1) d(19,2) ... d(19,18) d(19,19) d(19,20) ... d(19,23) d(19,99)
*dy = [Dbyj-Da 1], where
Dbyj is the residence-work distance between residential neighborhood i and work zonej before the
Urban Ring Project; and
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Dai; is the residence-work distance between residential neighborhood i and work zone j after the
Urban Ring Project.
* only [Dbij - Da1] > 0 are included in this table.
* Sum is the horizontal sum of trip distance savings in each neighborhood.
3.3.2.4 ZERO DISTANCE SAVED FOR PERIPHERAL TRIPS
However, for certain trips made between two neighborhoods at the periphery of Suffolk
County, it is possible that the Urban Ring would not save travel distance at all. This is because
some peripheral / circumferential bus routes do exist to serve neighborhoods remote from the
CBD despite the fact that transit system in Greater Boston is dominantly radial. Therefore, for
trips between two neighborhoods both remote from Boston downtown and adjacent to each other,
it is unrealistic to assume that all commuters travel through Downtown Boston even in the
absence of the Urban Ring. At the same time, the Urban Ring Project also will not significantly
save the trip distance between Chelsea and East Boston since the MBTA is already providing
frequent bus services there. Thus, the Urban Ring will not help save travel distance for these pairs
of neighborhoods. In order to deal with this issue, zero values are assigned to distance saved for
trip i-j (d(i,j)) for the trips mentioned above, and effective saving in travel distance (Wes(i)) from
this new d'(ij) matrix are then calculated.
After studying the neighborhoods' locations and MBTA's bus route maps (MBTA
homepage), some peripheral trips are believed to exist without routing through Downtown Boston.
Zero values have been assigned to the following trips to make the new d'(ij) matrix:
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TABLE 3.3 ASSIGNING ZERO VALUES TO DISTANCE SAVED FOR PERIPHERAL TRIPS
-|
z 0  CV)U)w
BACK~I BA/EAOHL
ROXBURY 0 0 0
MATAA 0 0 03 0 0j
ROLNDL 0 0 1 0) 0 0
WETOBR 0 0 0 0 0 0J
HYDEPAR I 0Z 0 0M
CHARELSAOWN
WINTHROP
oAC BA/EO HIL-
SOT ENDODOJ>
ASTBONI0T
HRLTH W ETR01100
SOUTH BOSTONE 0 0
BACK AY/ACO HILL 0
ROUTH NDL
WEROXBURY 0 1 000 0
NHYDRCHSE _ 0 00
CHELSEA 0 1 0
REVERE 
0
WINTHROP II--A
Note: The 16 Boston neighborhoods are listed on the top of the list, in the order according
to the neighborhood's proximity to the CBD. The rest of the Suffolk County cities are listed
after the Boston neighborhoods, followed by the other "Urban Ring cities".
A new matrix of distance saved (d'(ij)) 1 is then constructed, with zero values for trips
indicated with a mark "0" in the above table replacing the original d(ij). Results calculated from
both the old and new matrices of distance savings are compared.
" Please refer to Appendix B-7 & Appendix B-8 for actual figures.
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3.3.3 RIDERSHIP OF EACH RESIDENCE - WORK TRIP
The 1990 ridership data are available from the Census Transportation Planning Package
(CTPP): Urban Element CD-ROM, prepared by the U.S. Department of Transportation, Bureau
of Transportation Statistics. Data are special tabulations of 1990 Census data tailored to meet the
needs of transportation planners, produced in cooperation with the American Association of State
Highway and Transportation Officials. However, it is more skill and time demanding to make use
of this set of data. Therefore, analysts would be interested to know if a simpler method, using
demographic and job location data, can also be used to estimate ridership.
3.3.3.1 USING CTPP DATA
The CTPP data gives the number of trips for any origin-destination (O-D) pair at the
track level. Using GIS and MS Access, the data can be organized, matched, and consolidated to
neighborhood level. 12 The number of trips starting from origin neighborhood i to destination
neighborhood j can then be counted. Using the number of counts for trip i-j plus the distance
saved for each trip i-j (dij) 13 calculated as described in the previous section, passenger-miles
saved for trip i-j is computed. This would generate a 19 x 24 matrix, with each cell (i,j)
representing passenger-miles saved for i-j trip. Total passenger-miles saved to each
neighborhood i can then be calculated. This can be computed by multiplying passenger-miles
savings by ridership. Share of benefits distributed to neighborhood i in terms of distance saved
can be expressed by the ratio of "total passenger-miles saved to neighborhood i" to "total
passenger-miles saved in Suffolk County". The following formulae describe the relationship
mathematically.
12 Please refer to Appendix B-3 for methodology in detail.
13 In this paper, d(ij) and dij are used interchangeably.
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Savings at Neighborhood Level
When "total passenger-miles saved to all commuters residing in neighborhood i" is
divided by "total passenger-miles saved to all commuters residing in Suffolk County", the
fraction of passenger-miles going to neighborhood i can be calculated:
(dj x N)
share of benefits going to neighborhood i (Wes(i)) 
- (d1 x N 1)
I J
(equation 3.1)
where
dij = distance (weighted by road type) saved for each trip i-j
N 1 = number of i-j trips; data from CTPP
di x N
(d1 x N1j)
= passenger-miles saved for trip i-j
- total passenger-miles saved to commuters residing in neighborhood i.
This is done by summing passenger-miles saved for all trips with
origin i, regardless of destination.
I (d xN) =
1 J
total passenger-miles saved to all commuters residing in Suffolk
County. This is done by summing passenger-miles saved for all trips
with origin in Suffolk County, regardless of destination.
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At Per Capita Level
Equation 3.1 gives the share of benefits going to neighborhood i. It is also interesting to
study the average passenger-miles saved for an average commuter residing in neighborhood i:
(equation 3.2)
where
N = total number of trips with origin in neighborhood i, regardless of destination.
Only trips starting in Suffolk County are counted, because the focus is on distribution of
travel time savings to Suffolk County residents.
3.3.3.2 USING RESIDENTIAL AND JOB LOCATION DATA
As argued earlier in this chapter, it is more skill and time demanding to make use of the
CTPP ridership data. One possible alternative, which is easier to manipulate, is to use the 1990
residential data prepared by the U.S. Bureau of the Census and the 1990 job location data
prepared by the Central Transportation Planning Staff (CTPS) to estimate ridership.
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Places of Origin / Residence
The number of commuters who start their trips from the places of residence is the number
of employed residents who do not work at home, empli, in neighborhood i. Total number of
employees in Suffolk County, EMPL, can then be calculated by summing empli over i.
Mathematically, EMPL = empli . Therefore, empli reflects how much employed residents in
the places of origin contribute to ridership.
Places of Destination / Work
The number of commuters who end their trips in the places of work depends on the
number of jobs located in the destination neighborhood. Such data are available from the 1990
job location data prepared by Central Transportation Planning Staff (CTPS). Since the data are
prepared by traffic analysis zone (TAZ), I use GIS to reorganize the data into neighborhood level.
To simplify the model, I also assume that the choice of transportation mode is independent of
employees' industries and occupations. I calculate the share ofjobs in neighborhood j of Suffolk
job
County's, WobO) - , where jobj is number of jobs in destination work zonej, and
JOB = jobj is the total number of jobs in Suffolk County. Wob(j) reflects how much
commuting workers in places of destination contribute to ridership.
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Effective Savings in Residence - Work Trip Distance at Neighborhood Level
I assume that the travel time (or distance weighted by road type) savings for O-D pairs is
proportional to the number of residents in i and number of jobs in j. With empli (number of
employed residents in neighborhood i) and Woi-'j (the fraction of Suffolk County's job in work
zonej), effective savings in trip distance of each work trip is calculated:
esy = d(ij) x ng (equation 3.3)
where
esi;
d(ij)
ny j
empli)
Wob(y)
effective savings in distance for residence - work trip i-j
savings in travel distance between residential neighborhood i and work zone j
empl x W ob (, which is the estimated number of commuters living in
neighborhood i and working in work zonej. This is the estimated ridership.
number of employed residents in neighborhood i
the fraction of Suffolk County's job in work zone j
Ridership is estimated based on assumptions about distribution of workers' places of
residences and jobs: residents of any neighborhood i choose to work in location j in proportion to
the distribution of jobs, although in reality, it is more likely for people to work in nearby areas
where jobs are available.
Equation 3.3 gives the absolute effective distance saved for trip i-j, espj. However, in
order to forecast the distribution of potential travel time (or distance weighted by road type)
savings, we need to know the fraction of effective distance saved by each neighborhood.
Therefore, I calculate relative effective savings in residence - work trip Wes(i) for each
neighborhood by
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Wesi)= es
ES
(equation 3.4)
where
esi = esi , which is total effective savings in neighborhood i
ES = esi , which is total effective savings for all neighborhoods in Suffolk
County
Hence, relative travel time (or distance weighted by road type) savings in neighborhood i
is the estimated fraction of all effective savings that goes to residents to the neighborhood.
Cross-County Trips
Many Suffolk County residents work outside Suffolk County, and there are many cross-
county residence - work trips. However, it is impossible to include trips of every O-D pair,
regardless of where the destination is. Since Suffolk County is the area of interest of this research,
and because the Urban Ring is designed to save trip distance to and from those places intersecting
the Urban Ring, I have only included trips with destinations in Suffolk County and in the cities
intersecting the Urban Ring (Brookline, Cambridge, Everett, and Somerville). For trips with
destinations neither in Suffolk County nor in the Urban Ring cities, I assume that the Urban Ring
does not save travel distances of these trips.
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3.3.4 OTHER FACTORS THAT AFFECT TRAVEL TIME / DISTANCE SAVINGS AS A RESULT OF
THE URBAN RING PROJECT
There are other factors that affect distribution of travel time savings. For example,
percentage of T riders, median household income, average educational attainment of the working
population, land use patterns, etc., can all determine how the neighborhoods will be impacted by
the Urban Ring. I only focus on how different modes of transportation can affect travel time
savings in this thesis.
In this research, two sets of assumptions on the relationship between savings in travel
distance and mode of transportation are made. Based on different assumptions, two scenarios are
fleshed out:
Scenario Major Assumption
A Travel distance savings to all commuters, regardless of mode of transportation.
B Travel distance savings to transit riders only.
These two scenarios are not intended to "correctly" predict or specify the future; rather,
they aim to draw attention to the major forces underlying the "potential" futures (The Cooperative
Mobility Program / MIT, 1999). The purpose for setting up these two scenarios is to compare
several results by using possible but single assumption regarding the driving force, which is
defined as the percentage of transit riders in each neighborhood.
Scenario A is the base case. It assumes that all commuters benefit from the reduction in
distance saved, regardless of the mode of transportation adopted. Savings in travel time (or
distance weighted by road type) is distributed among neighborhoods regardless of percentage of
transit riders in the neighborhood. In this scenario, it is possible for auto-drivers to benefit from
the Urban Ring as well although the Project targets at improving transit riders' commuting.
Private vehicle riders can benefit from the Urban Ring because of two factors: (1) all private
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vehicle commuters shift to transit; or (2) there is a large enough number of private vehicle riders
shifting to transit, such that traffic on the road is sufficiently reduced, which in turn reduces travel
time of the rest of private vehicle riders who do not shift mode of transportation.
Scenario A calculates the savings in travel distance based on the O-D distribution of all
commuters. It gives the maximal possible aggregated travel "distance" saved to all commuters in
neighborhood i. However, it tends to overestimate the size of benefiting stakeholders since it is
unlikely that all commuters will experience a reduction of travel distance.
Scenario B assumes that the Urban Ring can only save travel distances of residence -
work trips made by transit riders. The underlying assumption is that since the Urban Ring is
primarily a public transportation infrastructure, only transit riders can benefit from it. Boston's
existing radial transit system creates inconvenience to transit riders if the origin and destination of
their trips are not directly connected; however, private vehicle riders are not much affected
because they can make their direct trips regardless of the transit routes. In other words, the Urban
Ring is targeted at saving travel distance to transit riders, but not private vehicle riders. Therefore,
there is a positive relationship between the percentage of transit riders in the neighborhood and
total passenger-miles saved to commuters in the neighborhood, holding other factors (such as
travel distance saved and neighborhood location) constant.
Scenario B generates forecasts based on commuters' preference over mode of
transportation at the current time. However, it tends to underestimate the size of benefiting
stakeholders as it is likely that some private vehicle commuters (both auto-drivers and carpoolers)
will shift transportation mode to transit upon completion of the Urban Ring construction. In this
scenario, slightly different variables are used to measure the fraction of travel "distance" savings
going to neighborhood i. If CTPP data are used, then a new O-D trip matrix will be generated
using only trips made by transit riders. If Census demographic and CTPS job location data are
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used, I will substitute ny in equation 3.3 by npublic(ij), such that the effective savings in travel
distance weighted by road type becomes
esi = d(i, ) X nublic, (equation 3.5)
= effective savings in distance for residence-work trip i-j
= savings in distance between residential neighborhood i and work zone]
= public x Wjobqy), which is the estimated number of transit riders living in
neighborhood i and working in work zonej
= number of transit riders living in neighborhood i
= fraction of Suffolk County's jobs in work zonej
Four sets of Wes(i) are now generated to project potential benefit distribution:
Data
where
esij
d(ij)
npublic(ij)
publici
Wjo (j)
Census + CTPSCTPP
All Use CTPP data; Use Census and CTPS data;
assume all commuters assume all commuters benefitCommuters benefit regardless of regardless of transportation
Benefiting(Scenario A) transportation mode mode
Stakeholders Transit Use CTPP data; Use Census + CTPS data;
Riders only assume only transit riders assume only transit riders(Scenario B) benefit benefit
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CHAPTER 4
RESULTS - TRAVEL TIME SAVINGS DISTRIBUTION
Distribution of certain economic impacts depends upon distribution of travel time savings.
Therefore, distributional impacts of travel time savings first need to be computed, so that the
selected economic impacts in Suffolk County forecasted with any economic model can be
disaggregated by its neighborhoods.
Distributions of travel time savings can be computed using different ridership data and
assumptions. In the first part of this chapter, I present and analyze the distribution of travel time
savings computed with the origin - destination (0-D) distribution data from the Census
Transportation Planning Package (CTPP) and the model developed in Chapter 3. Modifications to
the model are also made so that trips made between two non-CBD 14 areas as weighted less. In the
second part of this chapter, the results computed using ridership estimated with residential and
job location data are presented and analyzed.
4.1 RESULTS USING CTPP RIDERSHIP DATA
I first present and analyze the results computed using CTPP ridership data. The following
table (Table 4.1) shows the Wes,(i) yielded and the subsequent ranking for neighborhood i for both
scenarios when all O-D pairs are assumed to be impacted by the Urban Ring:
14 CBD refers to Central Business District.
TABLE 4.1
RELATIVE EFFECTIVE SAVINGS IN TRAVEL DISTANCE (Wes(I)) AND CORRESPONDING RANKING FOR EACH
NEIGHBORHOOD I,
ASSUMING ALL O-D PAIRS ARE IMPACTED BY THE URBAN RING
USING CTPP TRANSPORTATION DATA
A: BENEFITS TO B: BENEFITS TO FRACTION OF FRACTION
ALL COMMUTERS PUBLIC TRANSIT ALL OF TRANSIT
RIDERS COMMUTERS RIDERS
NEIGHBORHOOD Weg,)(%) RANK Wes(i)(%) RANK (%) (%)
EAST BOSTON 1.9 17 2.0 16 4.5 5.8
CHARLESTOWN 1.0 18 0.8 18 2.5 2.6
SOUTH BOSTON 2.4 14 2.5 13 4.2 4.5
ENTRAL 0.3 19 0.4 19 3.9 3.0
BACK BAY/BEACON HILL 2.3 15 2.7 12 5.0 4.0
SOUTH END 4.4 11 5.3 8 5.2 5.7
FENWAY/KENMORE 5.6 8 7.3 5 5.5 6.1
LLSTON/BRIGHTON 16.3 1 22.3 1 12.6 16.4
JAMAICA PLAIN 8.4 3 10.0 2 6.4 7.5
ROXBURY 8.8 2 10.0 3 6.4 7.9
NORTH DORCHESTER 3.6 12 3.6 9 3.5 3.7
OUTH DORCHESTER 8.3 4 7.6 4 8.4 8.1
MATTAPAN 7.1 6 7.2 6 4.7 4.9
ROSLINDALE 7.9 5 6.5 7 4.7 4.3
WEST ROXBURY 5.4 9 2.5 14 4.7 2.5
HYDE PARK 4.7 10 2.8 11 4.9 3.5
CHELSEA 3.2 13 2.3 15 3.7 2.8
REVERE 6.3 7 3.2 10 6.2 4.3
WINTHROP 2.1 16 1.2 17 3.1 2.5
Total 100.0 100.0 100.0 100.0
Source: author's computation.
-Total Number of Commuters in Suffolk County is 312,007
-Total Number of Transit Riders in Suffolk County is 96,569
-The 16 Boston neighborhoods are listed on the top of the list, in the order according to the
neighborhood's proximity to the CBD. The rest of the Suffolk County cities are listed after the
Boston neighborhoods, followed by the other "Urban Ring cities".
There are two components in savings in passenger-miles: savings in weighted distance
(d(ij)) and the number of i-j trips from origin i to destination j. I will analyze the results based on
the nature of these two components. I structure my analysis by first concentrating on the general
patterns across all scenarios, and then in more detail by scenario. If neighborhood-specific
observations are found, these neighborhoods will be studied more closely.
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4.1.1 GENERAL PATTERN - AT NEIGHBORHOOD LEVEL
General distributional patterns of travel distance savings can be observed and explained
with the following attributes of the neighborhoods: location, commuting behavior of residents,
and population sizes.
4.1.1.1 PROXIMITY TO THE URBAN RING AND DOWNTOWN
Savings in travel time (or approximated by distance weighted by road type) between
neighborhood i and destination j (d(ij)) is related to the locations of i and j. In general,
neighborhoods intersecting with the Urban Ring but outside the Urban Ring have the highest
savings in residence-work trip distance and savings in passenger-miles. These neighborhoods
have the highest d(ij) and the greatest Wes(,). Savings in travel distance by the Urban Ring (d(ij))
and the share of total passenger-miles going to downtown neighborhoods, on the other hand, are
the lowest. Neighborhoods that are at the periphery of Suffolk County have medium level of Wes(i).
For example, total savings in passenger-miles at the neighborhood level is the largest for Allston /
Brighton, Jamaica Plain, and Roxbury. All three neighborhoods intersect with and are outside the
Ring. For Allston / Brighton, Wes(i) is more than 20 per cent; for Jamaica Plain and Roxbury, Wes(i)
are close to 10 per cent respectively. On the other hand, Central and Charlestown always receive
the least share of passenger-miles savings. These two neighborhoods are very close to the city's
center and residents in these two neighborhoods do not need the Urban Ring to access major job
hubs.
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I argue that several factors explain why the location of a neighborhood is important in
determining the level of passenger-miles savings it receives. First, location of the neighborhood
determines how much travel distance is saved with the Urban Ring.
Savings in Travel Distance
If two neighborhoods are far away from the city's center (also called Central Business
District, or CBD), and are not directly connected by the radial transit system, then the Urban Ring
can save trip distance because there is no need to make extra trips via Downtown.
As shown in Appendix B-4: Distance Savingsfor Trip i-j, distance savings for trips
between Allston / Brighton, Jamaica Plain, or Roxbury to other destinations are greater than those
for trips with origins in downtown neighborhoods; this partly explains why the relative effective
distance saved (Wes(i)) and hence the impacts on these neighborhoods are so large. Allston /
Brighton is particularly interesting here. Same as Jamaica Plain and Roxbury, the neighborhood is
located right at the outer edge of the Urban Ring, and their locations explain why these
neighborhoods have high Wes(i). However, not only does Allston / Brighton have the highest Wesi)
in both scenarios, but also it is leading the other two neighborhoods in Wes(i) by a big margin. I
argue that there also exist other very important factors, such as population size, population
density, and commuting behavior of residents, that determine Wes(i). These arguments will be
presented later.
On the contrary, downtown neighborhoods, such as Central and Charlestown, have very
little change in residence-work travel distance savings by the Urban Ring; at the same time, they
have less than two per cent share in Wes(i) at the neighborhood level. Because of their proximities
to the CBD, downtown neighborhoods have relatively short commute distance for any trips to
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destinationj via Downtown Crossing Station even without construction of the Urban Ring. The
Urban Ring will not significantly shorten travel distance for trips with origins in these
neighborhoods. Since the changes in distance saved d(i,j) are small, the resulting impacts are low.
Thus, for downtown neighborhoods, the Urban Ring will not help reduce travel distance much
because travel behavior and routing of trips will hardly change; therefore, downtown
neighborhoods experience lower changes in Wes(i).
Population Size and Population Density
The second reason why a neighborhood's location matters is related to its population size
and density. From Map 2: Population Density and Table 2.1: Population Size and Density, it can
be seen that neighborhoods closer to the CBD or intersecting with the Urban Ring have higher
population densities. In some neighborhoods, like Allston / Brighton, Roxbury, and Jamaica Plain,
population sizes are also larger; more people in these areas are impacted by the Urban Ring. On
the other hand, neighborhoods at the periphery of Suffolk County have smaller population sizes
and much lower population densities than in Allston / Brighton, Roxbury, and Jamaica Plain.
Therefore, although savings in travel distance (d(ij)) to a commuter residing in peripheral
neighborhoods are comparable to that made by a commuter residing in neighborhoods
intersecting the Ring, aggregated passenger-miles savings to West Roxbury and Hyde Park are
lower than that to Allston / Brighton, Jamaica Plain, and Roxbury, at the neighborhood level. This
is because fewer people are affected in West Roxbury and Hyde Park. With similar reasoning,
Charlestown, East Boston, and South Boston have lower population sizes than Allston / Brighton,
Roxbury, and Jamaica Plain. In other words, relatively few people in places such as Charlestown
are impacted by the Project. Therefore, although these neighborhoods also intersect the Urban
Ring, aggregated passenger-miles savings are relatively low.
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4.1.1.2 COMMUTING BEHAVIOR
Thirdly, a neighborhood's location determines the commuting patterns of its residents,
which in turn determine passenger-miles savings. There is a high probability that commuters who
live close to the CBD have trips that are hardly impacted by the Urban Ring. Many commuters
residing in the periphery neighborhoods commute to non-Urban Ring cities to work, and the
Urban Ring does not help reduce distances for these trips. From Appendix B-5: Origin-
Destination Distribution, more than a quarter of all commuters in Mattapan, Roslindale, West
Roxbury, and Hyde Park travel to areas that are neither in Suffolk County nor in the Urban Ring
cities. Since the Urban Ring does not help reduce travel distance to those "other" destinations,
passenger-miles savings to commuters residing in Mattapan, Roslindale, West Roxbury, and
Hyde Park are lower than that to commuters residing in Allston / Brighton, Roxbury, and Jamaica
Plain.
For Chelsea, aggregate passenger-miles savings and Wes(i) are very low, though one
would expect them to be much higher since the city is relatively close to the CBD and intersects
with the Urban Ring. Several factors contribute to this unanticipated observation in Chelsea. First,
the city does not have a very large population size, and so the number of people impacted by the
Urban Ring is limited. Second, the percentage of Chelsea commuters traveling to other
neighborhoods is relatively low for all modes of transportation. In Table 4.2, one can observe that
most Chelsea commuters travel within the neighborhood. These Chelsea commuters who do not
travel to other neighborhoods are hardly impacted by the Urban Ring, and so the overall impacts
on Chelsea from the Urban Ring are not as large as one would expect. However, it is very likely
that many of these Chelsea commuters do not work in other neighborhoods because public
transportation to the CBD and other areas are poorly provided. Upon completion of the Urban
Ring Project, accessibility from Chelsea to other areas will increase, and it is very likely that
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more Chelsea residents will work in the CBD and other areas where more jobs can be found. If
this happens, impacts on Chelsea will be higher than it is now calculated based on current
commuting pattern.
TABLE 4.2
PERCENTAGE OF COMMUTERS WHO LEAVES THEIR NEIGHBORHOODS
(WHERE ORIGIN AND DESTINATION NEIGHBORHOODS ARE DIFFERENT)
NEIGHBORHOOD ALL COMMUTERS (%) TRANSIT RIDERS (%)
EAST BOSTON 81.2 93.8
CHARLESTOWN 85.9 96.5
OUTH BOSTON 78.0 92.6
CENTRAL 47.8 83.5
BACK BAY/BEACON HILL 72.7 94.4
SOUTH END 82.5 97.6
FENWAY/KENMORE 63.2 94.2
LLSTON/BRIGHTON 87.5 95.1
JAMAICA PLAIN 82.4 92.1
ROXBURY 89.8 95.7
NORTH DORCHESTER 90.7 97.7
SOUTH DORCHESTER 90.1 96.8
MATTAPAN 95.5 99.2
ROSLINDALE 95.0 98.7
WEST ROXBURY 92.6 99.2
HYDE PARK 91.4 97.8
CHELSEA 69.3 91.3
REVERE 80.6 95.7
WINTHROP 76.8 96.8
Source: author's computation from CTPP data
Note: The 16 Boston neighborhoods are listed on the top of the list, in the order
according to the neighborhood's proximity to the CBD. The rest of the Suffolk County
cities are listed after the Boston neighborhoods, followed by the other "Urban Ring
cities".
4.1.1.3 NUMBER OF TRIPS MADE IN THE NEIGHBORHOOD
The second component of Wes,(i) is the number of i-j trips. I hypothesize that the number of
commuters residing in neighborhood i is one of the factors determining how many i-j trips are
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made, and hence determines the aggregated passenger-miles savings and its share to
neighborhood i (Wes(i)).
In Figures 1 and 2 in Appendix B, the relationship between the fraction of total
passenger-miles savings to neighborhood i (Wes(i)) and the number of commuters, Ni, in the
neighborhood is shown for each scenario. There is a general positive relationship between Wes(i)
and N. In other words, neighborhoods with larger number of commuters generally receive more
passenger-miles savings, and vice versa. For example, neighborhoods such as Allston / Brighton,
Jamaica Plain, Roxbury, and South Dorchester all have more than six per cent of Suffolk
County's commuters of all transportation modes or more than seven per cent of the County's
transit riders; in both scenarios, the same neighborhoods also have the largest shares in Wes(i). On
the other hand, neighborhoods with lower share of commuters, such as Charlestown, Central,
Chelsea, and Winthrop have relatively low Wesi).
4.1.1.4 CONCLUSION - GENERAL PATTERN
In conclusion, in all scenarios, a neighborhood's proximity to the Urban Ring and
Downtown as well as its residents' commuting behavior are two key factors that determine the
fraction of aggregate passenger-miles savings to neighborhood i (Wes(i)). Neighborhoods closer to
the Urban Ring tend to have larger population sizes and higher population densities; as a result,
more commuters in these areas are affected by the Urban Ring. Non-CBD neighborhoods have
significant travel distance savings. If a neighborhood, such as Allston / Brighton, Roxbury, or
Jamaica Plain, has a large population size and is not located in the CBD, then total passenger-
miles savings to the neighborhood is high.
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On the other hand, neighborhoods remote from the CBD have relatively small population
sizes and low population densities, which means that ridership is low for trips with non-CBD
neighborhoods as origin. Therefore, even if the Urban Ring can save travel distance of these trips,
total passenger-miles savings to these remote neighborhoods is small, and Wes(i) is low.
TABLE 4.3 GENERAL RELATIONSHIP
General Relationship between Relative Number of Commuting
Effective Savings (Wes(,)), Proximity to the Residents
Urban Ring, and Relative Employment
Share (Wempigo)_
Small Large
If Far from Downtown
Proximity to Close to the Urban Ring ? large Wes(i)Urban Ring Far from the Urban Ring small Wes(i I?
If Near Downtown small Wes(i) SMALL WEs(N
However, Wes(i) cannot be projected simply by using the neighborhood's location and number of
commuters alone. Intrinsic characteristics of each neighborhood also determines Wes(i), and so
they must be considered as well.
4.1.2 SCENARIO - SPECIFIC OBSERVATIONS
As mentioned in Chapter 3, different stakeholders perceive the benefits of the Urban Ring
differently; however, how the benefits are realized among each type of stakeholders is not known
until at least the completion of the Urban Ring Project. Therefore, based upon the assumptions on
how commuters of different transportation modes are likely to benefit from the Urban Ring, two
scenarios have been developed. Scenario A assumes that all commuters benefit regardless of their
transportation mode; Scenario B assumes that only transit riders benefit from the Urban Ring. No
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scenario is developed for the case where only private vehicle riders benefit from the Project
because the design of the Urban Ring is not oriented towards improving the commuting of this
group of stakeholders.
If the size of commuters in different modes of transportation is known, direction and
magnitude of the difference in Wesw between the two scenarios can be forecasted. For example, if
a large fraction of Suffolk County's transit riders lives in neighborhood i, then in Scenario B,
more commuters will be benefiting from the Urban Ring in neighborhood i. In other words, Wes(i)
in Scenario B is expected to be higher than Wes(i) in Scenario A. On the other hand, if the mode of
transportation in neighborhood i is largely dominated by private vehicles, then under the
assumptions made in Scenario B, relatively fewer commuters in the neighborhood will benefit
from the Project. Wes(i) in Scenario B is expected to be lower than Wes(i) in Scenario A. However,
in either case, if neighborhood i is in or right next to the CBD, then only modest changes will be
expected because savings in trip distances are small. Impacts from the Urban Ring are hence
small on all types of stakeholders. The following observations substantiate the expected changes
in WesO.
Depending on the direction and magnitude of difference in Wes(i) for the two scenarios,
the neighborhoods can be classified into one of the following three groups:
Number
Group Neighbor- Characteristics Examples
hoods
East Boston, Central, Charlestown,
Wes(i) in the two scenarios South Boston, Back Bay / Beacon Hill,
10 have less than 1% difference South End, North Dorchester, South
Dorchester, Mattapan, and Chelsea.
Wes(i) in Scenario B is at least Fenway / Kenmore, Allston / Brighton,
Il 4 1% higher than Wes(i) in Roxbury, and Jamaica Plain.Scenario A
Wes(i) in Scenario B is at least Roslindale, West Roxbury, Hyde Park,Ill 5 1% lower than Westo in Revere, and Winthrop.Scenario A
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It can be observed that many neighborhoods in each group share common characteristics,
in terms of location and residents' preference over mode of transportation. For example, most
neighborhoods in Group I are either "downtown neighborhoods" or are very close to the city's
center; most commuters in this group are transit riders. Neighborhoods in Group II are further
away from downtown, but residents have a strong preference over transit either because public
transportation is rather well served in these neighborhoods or because they cannot afford
automobiles. Neighborhoods in Group III can be categorized as "peripheral neighborhoods",
meaning that they locate at Suffolk County's periphery; mode of transportation for commuters in
these peripheral neighborhoods is dominated by private vehicles. Map 8 and Table 2.4 shows the
residents' preference over mode of transportation in each neighborhood.
Six out of ten neighborhoods in Group I (East Boston, Charlestown, South Boston,
Central, Back Bay / Beacon Hill, and South End) are the "downtown neighborhoods"; for the rest
of the four neighborhoods, three (North Dorchester, South Dorchester, and Chelsea) are
reasonably close to Downtown. Because of their proximities to the city's center, the Urban Ring
does not help much in saving travel distances. Therefore, Wes(i) for Group I neighborhoods is
small in either scenario, and since Wes(i) is so small, the differences in Wes(i) between the two
scenarios are negligible.
Neighborhoods in the other two groups are at the outer edge of the Urban Ring. Distance
saved for both groups are similar and significant. The neighborhood's characteristics in
population and commuters' preference over mode of transportation will lead to differences
between Wes(i) in Scenario A and Wes() in Scenario B. In general, a neighborhood's share of transit
riders with respect to Suffolk County's is generally dependent on two factors: population of the
neighborhood, and commuters' preference over mode of transportation. Both factors are location-
dependent. In the case of Suffolk County, population densities are higher in neighborhoods closer
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to Downtown, and population sizes are larger in Allston / Brighton, Jamaica Plain, and Roxbury.
More commuters tend to ride the transit if they live closer to the downtown area, whose decisions
are based on two factors, which will be explained later in this section. Thus, a large share of
Suffolk County's transit riders resides in neighborhoods near the city's center.
4.1.2.1 RELATIONSHIP BETWEEN LOCATIONS, POPULATION SIZES AND DENSITIES, AND
PREFERENCE OVER MODE OF TRANSPORTATION
Group II neighborhoods are closer to Downtown, and most neighborhoods in Group III
are relatively far away from Downtown. According to Table 2.1, population sizes are rather large
in Allston / Brighton, Roxbury, and Jamaica Plain when compared with other Suffolk County
neighborhoods. Moreover, there is a strong preference over transit for residents in neighborhoods
of Group II, whose decisions are based on two factors: public transportation service provision,
and opportunity costs of riding transit. The second factor can also be interpreted as affordability
of driving a car.
Public Transportation Services Provision
According to MBTA's Service Delivery Policy released in September 1996, transit
service shall be designed in areas with residential densities of 5000 persons or greater per square
mile (equivalent to 7.8 or greater persons per acre) and within a quarter mile walk, whenever
possible. 15 As shown in Map 2: Population Density, almost all areas in Suffolk County have
population densities greater than 10. This implies that public transportation services should be
15 Italics added by the author.
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rather well provided for in these places, according to the policy memo. However, it must be noted
that in reality, public transportation services in some high population density areas are poorly
provided. For example, around Dudley station, residential density is very high (above 24 persons
per acre according to Map 2); yet, bus frequencies are not as high as those running in areas with
lower population densities, and direct transit services are not common. Therefore, many transit-
dependent poor living in the Dudley Station area face very unreliable public transportation
services.
Opportunity Costs of Riding the Transit
When it gets closer to the CBD, parking spaces become more unaffordable. Therefore,
owning a car is relatively expensive for neighborhoods in and near the CBD. Moreover,
according to Map 4: Median Household Income, household incomes in Roxbury and Jamaica
Plain are lower than average, and it can be imagined that many families in these two
neighborhoods find automobiles unaffordable. Thus, many commuters from these neighborhoods
prefer transit.
Taking both the population effects and preference over mode of transportation into
consideration, the large populations in Group II neighborhoods make up a large percentage of
Suffolk County's transit riders. Since in Scenario B, only transit riders are assumed to benefit
from the Urban Ring Project, neighborhoods in Group II receive more aggregated passenger-
miles savings in Scenario B when compared with Scenario A. With similar reasoning,
neighborhoods in Group III only have relatively few transit riders, together with their small
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population size, they receive less passenger-miles savings in Scenario B when compared with
what they receive in Scenario A.
In Table 4.4: the share of Suffolk County's transit riders in neighborhood i (Wpblic(i)), it
can be observed that in general, for neighborhoods with higher percentage in Wpublic(i), Wes(i) in
Scenario B is much higher than Wes(i) in Scenario A. On the other hand, for neighborhoods with
very low Wpublic(i), Wes(i) in Scenario B is much lower than Wesi) in Scenario A.
TABLE 4.4
SHARE OF SUFFOLK COUNTY'S TRANSIT RIDERS IN THE NEIGHBORHOOD (Wpubnc()) AND THEIR
CORRESPONDING RELATIVE SAVINGS IN COMMUTE TIME (Wes()), COMPUTED WITH CTIPP
RIDERSHIP DATA
Wes t (%)
SCENARIO A: SCENARIO B:
NUMBER OF PUBLIC Wpubic(m BENEFITS TO ALL BENEFITS TO
NEIGHBORHOOD TRANSIT RIDERS (%) COMMUTERS TRANSIT RIDERS
EAST BOSTON 5,638 5.8 1.9 2.0
CHARLESTOWN 2,527 2.6 1.0 0.8
SOUTH BOSTON 4,301 4.5 2.4 2.5
ENTRAL 2,894 3.0 0.3 0.4
BACK BAY/BEACON HILL 3,860 4.0 2.3 2.7
SOUTH END 5,517 5.7 4.4 5.3
FENWAY/KENMORE 5,852 6.1 5.6 7.3
LLSTON/BRIGHTON 15,802 16.4 16.3 22.3
JAMAICA PLAIN 7,235 7.5 8.4 10.0
ROXBURY 7,644 7.9 8.8 10.0
NORTH DORCHESTER 3,606 3.7 3.6 3.6
SOUTH DORCHESTER 7,830 8.1 8.3 7.6
MATTAPAN 4,780 4.9 7.1 7.2
ROSLINDALE 4,181 4.3 7.9 6.5
WEST ROXBURY 2,378 2.5 5.4 2.5
HYDE PARK 3,381 3.5 4.7 2.8
CHELSEA 2,662 2.8 3.2 2.3
REVERE 4,109 4.3 6.3 3.2
INTHROP 2,372 2.5 2.1 1.2
Total 96,569 100.0 100.0 100.0
Source: author's computation, and Census Transportation Planning Package (CTPP).
Note: The 16 Boston neighborhoods are listed on the top of the list, in the order according to
the neighborhood's proximity to the CBD. The rest of the Suffolk County cities are listed after
the Boston neighborhoods, followed by the other "Urban Ring cities".
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4.1.3 RESULTS - AT PER CAPITA LEVEL
Distribution of benefits in terms of savings in travel distance can be very different if the
scale of analysis changes from neighborhood level to per capita level, because the number of
commuters is one of the factors that determine aggregated passenger-miles saved to the
neighborhood. A neighborhood with very high population may get a major share of the benefits.
However, due to the large population in this neighborhood, benefits realized by an average
commuter would be much smaller, assuming that benefits are distributed uniformly among
residents regardless of their location, industry, occupation, and other factors. On the other hand,
commuters in a lowly populated neighborhood may have larger per capita benefits even if the
total passenger-miles savings at neighborhood level are low.
In order to find out the passenger-miles savings of an average commuter (or simply, per
capita passenger-miles savings), I divide the passenger-miles saved to neighborhood i by the total
number of passengers in the neighborhood. The results computed are listed in Table 4.5.
Again, in this preliminary analysis, all O-D pairs are assumed to be impacted by the
Urban Ring here:
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TABLE 4.5
PASSENGER-MILES SAVINGS TO AN AVERAGE COMMUTER IN NEIGHBORHOOD I
(IN METERS)
AND CORRESPONDING RANKING FOR EACH NEIGHBORHOOD I
USING CTPP RIDERSHIP DATA
ScENAIO A: ASSUMES SCENARIO B:
BENFIT ToALLASSUMES BENEFITS TO
COMMUTERS PUBLIC TRANSITRIDERS
SAVINGSpc RANK SAVINGSpc RANK
NEIGHBORHOOD (METERS) (METERS)
EAST BOSTON 581 17 539 17
CHARLESTOWN 565 18 486 18
SOUTH BOSTON 777 15 897 15
ENTRAL 97 19 191 19
BACK BAY/BEACON HILL 651 16 1,085 14
SOUTH END 1,183 13 1,486 9
FENWAY/KENMORE 1,436 7 1,923 6
LLSTON/BRIGHTON 1,798 5 2,177 3
JAMAICA PLAIN 1,853 4 2,126 4
ROXBURY 1,924 3 2,008 5
NORTH DORCHESTER 1,432 8 1,541 8
OUTH DORCHESTER 1,391 10 1,485 10
MATTAPAN 2,103 2 2,309 2
ROSLINDALE 2,363 1 2,395 1
WEST ROXBURY 1,614 6 1,599 7
HYDE PARK 1,346 11 1,271 12
CHELSEA 1,206 12 1,339 11
REVERE 1,411 9 1,186 13
WINTHROP 971 14 783 16
Source: author's computation.
Note: The 16 Boston neighborhoods are listed on the top of the list, in the order
according to the neighborhood's proximity to the CBD. The rest of the Suffolk County
cities are listed after the Boston neighborhoods, followed by the other "Urban Ring cities".
Although the distributional patterns of per capita trip distance saved do not exactly
resemble that at the neighborhood level, some similarities can still be observed. At the per capita
level, it is still the same neighborhoods (Central and Charlestown) having the least per capita
passenger-miles saved. Because of these neighborhoods' close proximity to the city's center, the
Urban Ring does not help reduce trip distances by much. However, Roslindale now becomes the
neighborhood receiving the largest share of savings in passenger-miles at per capita level,
followed by Mattapan. Benefits in terms of passenger-miles savings at per capita level going to
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Allston / Brighton, Roxbury, and Jamaica Plain now become lower. This is because the large
population effect in the latter three neighborhoods dilutes out the benefits at per capita level in
these areas, whereas the low populations in Roslindale and Mattapan mean that average
passenger-miles savings going to each commuter in these two neighborhoods is high. Other
neighborhoods with low population like West Roxbury and Chelsea also rank higher in
passenger-miles savings at the per capita level when compared to that at neighborhood level.
4.2 ASSIGNING ZERO DISTANCE SAVINGS TO PERIPHERY TRIPS
From Table 4.1, when all O-D pairs are assumed to be impacted by the Urban Ring, Weso()
of the neighborhoods located at the periphery of Suffolk County is high. Nevertheless, some
public transportation services do exist for peripheral trips, 16 which means that commuters from a
peripheral neighborhood do not need to route through the CBD every time he / she wants to travel
to another peripheral neighborhood. Also, many residents from West Roxbury, Hyde Park, and
Mattapan commute south, and many commuters from Chelsea and Revere travel north. These
trips are not affected by the Urban Ring at all. Therefore, it is expected that impacts of the Urban
Ring on the periphery neighborhoods should be lower than what has been computed.
To scale down the impacts of the Urban Ring on the peripheral neighborhoods to a more
realistic level, zero values are assigned to peripheral trips as discussed in Section 3.3.2.4. Results
are shown below.
16 "Peripheral trips" is defined as trips made between to neighborhoods both located at the periphery of
Suffolk County.
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4.2.1 RESULTS - AT NEIGHBORHOOD LEVEL
Using CTPP ridership data, two sets of results computed: (1) all O-D pairs are assumed to
be impacted by the Urban Ring, and (2) peripheral trips are assumed to be unaffected by the
Urban Ring. For easy comparison, the results are presented side by side.
First, neighborhood level behavior is analyzed. Results are shown in Table 4.6. Map 10
and Map 11 graphically shows the distribution computed for each scenario.
TABLE 4.6
COMPARING RELATIVE EFFECTIVE SAVING IN TRAVEL DISTANCE (Wes()) AT NEIGHBORHOOD LEVEL,
ZERO VALUES ASSIGNED VS. NOT ASSIGNED TO PERIPHERAL TRIPS,
USING CTPP RIDERSHIP DATA
SCENARIO A: ASSUME ALL COMMUTERS SCENARIO B: ASSUME ONLY TRANSIT
BENEFIT, REGARDLESS OF TRANSPORTATION RIDERS BENEFIT
MODE
ASSIGN ZERO NOT ASSIGN ZERO ASSIGN ZERO NOT ASSIGN ZERO
DISTANCE SAVED TO DISTANCE SAVED TO DISTANCE SAVED To DISTANCE SAVED TO
PERIPHERAL TRIPS PERIPHERAL TRIPS PERIPHERAL TRIPS PERIPHERAL TRIPS
NEIGHBORHOOD W,,1 ,i (%) RANK W,,,), (%) RANK We, (%) RANK W,,, (%) RANK
EAST BOSTON 1.5 17 1.9 17 1.5 16 2.0 16
HARLESTOWN 1.2 18 1.0 18 0.9 18 0.8 18
SOUTH BOSTON 2.8 13 2.4 14 2.8 12 2.5 13
CENTRAL 0.3 19 0.3 19 0.4 19 0.4 19
BACK BAY/BEACON HILL 2.8 14 2.3 15 3.0 11 2.7 12
SOUTH END 5.3 9 4.4 11 6.0 7 5.3 8
FENWAY/KENMORE 6.8 5 5.6 8 8.2 4 7.3 5
ALLSTON/BRIGHTON 19.6 1 16.3 1 25.0 1 22.3 1
AMAICA PLAIN 9.5 2 8.4 3 10.5 2 10.0 2
ROXBURY 8.8 3 8.8 2 9.6 3 10.0 3
NORTH DORCHESTER 3.6 11 3.6 12 3.4 9 3.6 9
SOUTH DORCHESTER 8.0 4 8.3 4 7.1 5 7.6 4
MATTAPAN 6.5 6 7.1 6 6.7 6 7.2 6
ROSLINDALE 5.5 8 7.9 5 4.6 8 6.5 7
WEST ROXBURY 4.2 10 5.4 9 2.0 14 2.5 14
HYDE PARK 3.0 12 4.7 10 2.1 13 2.8 11
CHELSEA 2.5 16 3.2 13 1.9 15 2.3 15
REVERE 5.5 7 6.3 7 3.1 10 3.2 10
WINTHROP 2.6 15 2.1 16 1.4 17 1.2 17
Total 100.0 100.0 100.0 100.0
Source: author's computation
Note: The 16 Boston neighborhoods are listed on the top of the list, in the order according to the neighborhood's proximity to
the CBD. The rest of the Suffolk County cities are listed after the Boston neighborhoods, followed by the other "Urban Ring
cities".
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4.2.2 RESULTS - AT PER CAPITA LEVEL
Passenger-miles savings to an average commuter in the neighborhood is also calculated.
Results are presented in Table 4.7. A map (Map 12) is also produced to show the distribution at
the per capita level graphically for Scenario B, where only transit riders are assumed to benefit
from the Project.
TABLE 4.7
COMPARING PASSENGER-MILES SAVINGS TO AN AVERAGE COMMUTER IN THE NEIGHBORHOOD,
ZERO VALUES ASSIGNED vS. NOT ASSIGNED TO PERIPHERAL TRIPS,
USING CTPP RIDERSHIP DATA
SCENARIO A: ASSUME ALL COMMUTERS SCENARIO B: ASSUME ONLY TRANSIT
BENEFIT, REGARDLESS OF RIDERS BENEFIT
TRANSPORTATION MODE
Assign Zero NOT ASSIGN ZERO ASSIGN ZERO NOT ASSIGN ZERO
Distance Saved to DISTANCE SAVED TO DISTANCE SAVED TO DISTANCE SAVED TO
Peripheral Trips PERIPHERAL TRIPS PERIPHERAL TRIPS PERIPHERAL TRIPS
NEIGHBORHOOD SAVINGSp, RANK SAVINGS,, RANK SAVINGS, RANK SAVINGS, RANK
(METERS) (METERS) (METERS) (METERS)
EAST BOSTON 395 18 581 17 358 18 539 17
HARLESTOWN 565 17 565 18 486 17 486 18
OUTH BOSTON 777 14 777 15 897 14 897 15
CENTRAL 97 19 97 19 191 19 191 19
BACK BAY/BEACON HILL 651 16 651 16 1,085 11 1,085 14
SOUTH END 1,183 8 1,183 13 1,486 7 1,486 9
FENWAY/KENMORE 1,436 5 1,436 7 1,923 3 1,923 6
ALLSTON/BRIGHTON 1,798 1 1,798 5 2,177 1 2,177 3
JAMAICA PLAIN 1,738 2 1,853 4 1,990 2 2,126 4
ROXBURY 1,595 4 1,924 3 1,727 5 2,008 5
NORTH DORCHESTER 1,197 7 1,432 8 1,277 8 1,541 8
SOUTH DORCHESTER 1,104 9 1,391 10 1,246 9 1,485 1C
MATTAPAN 1,607 3 2,103 2 1,916 4 2,309 2
ROSLINDALE 1,357 6 2,363 1 1,523 6 2,395 1
WEST ROXBURY 1,054 10 1,614 6 1,174 1C 1,599 7
HYDE PARK 722 15 1,346 11 859 15 1,271 12
CHELSEA 799 13 1,206 12 985 13 1,339 11
REVERE 1,019 11 1,411 9 1,031 12 1,186 13
WINTHROP 971 12 971 14 783 16 783 16
Source: author's computation.
Note:
-Savingspe refers to Passenger-miles Savings to an Average Commuter in Scenario A,
and Passenger-miles Savings to an Average Transit Rider in Scenario B
-The 16 Boston neighborhoods are listed on the top of the list, in the order according to the neighborhood's proximity to
the CBD.
-The rest of the Suffolk County cities are listed after the Boston neighborhoods, followed by the other "Urban Ring
cities".
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4.2.3 GENERAL OBSERVATIONS
4.2.3.1 AT NEIGHBORHOOD LEVEL
In general, when zero-values are assigned to distance savings of trips made between two
peripheral neighborhoods, there is polarization of Wes(i) when zero values are assigned to distance
savings for peripheral trips. With the new set of d'(ij), new Wes(i) becomes lower in the peripheral
neighborhoods where they are already low, but higher in the neighborhoods where they are
already high. However, most neighborhoods do not experience significant changes both in terms
of share of passenger-miles savings and ranking. Regardless of the assumptions on how
commuters of different trips and of different modes of transportation are going to benefit from the
Project, downtown neighborhoods such as Central and Charlestown still receive the least share of
benefits; the absolute shares received are less than 2 per cent in all cases and do not change much.
Allston / Brighton, Roxbury, Jamaica Plain, and South Dorchester receive the largest total
passenger-miles savings in most cases, although the magnitudes of change vary.
Most neighborhoods do not have significant changes (more than 1 per cent) in Wes(i). This
is also true for peripheral neighborhoods, although travel distance saved for some trips made to /
from these places is assigned to be zero. However, a few neighborhoods still have more than 1
per cent change in Wes(i): regardless of how each type of commuters are assumed to benefit from
the Project, Allston / Brighton always receives higher Wes(i) when zero values are assigned to
peripheral trip distance savings; on the other hand, Roslindale always receive lower Wes(i).
The number of trips made from the neighborhoods, which is related to their population,
and commuting behavior of residents in these two areas can explain the changes in Wes(i).
From the origin-destination (O-D) distribution in Appendix B-5, it is observed that the
number of peripheral trips is negligible. Therefore, changes in passenger-miles savings from these
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trips are small. Very little changes in Wes(i) for these neighborhoods are observed. However,
Roslindale receives relatively large decrease in Wes(i) when zero values are assigned to savings in
travel distance for peripheral trips. This is mostly because a number of peripheral trips start from
Roslindale. For example, Roslindale - Jamaica Plain trips comprise 5 per cent of all trips starting
from Roslindale, or 7 per cent of all transit trips starting from Roslindale. In other words, these
trips comprise of a significant portion of trips starting from the neighborhood, and assigning zero
values to savings of these trips generates large impacts on the Roslindale. For Allston / Brighton,
although zero-values are not assigned to any trips to / from this neighborhood, the fraction of total
passenger-miles savings going to the neighborhood (and hence Wes(i)) is larger. This is because as
other peripheral neighborhoods receive lower passenger-miles savings, savings to Allston /
Brighton are relatively larger. Moreover, the neighborhood's large population means that any
changes to the area will be amplified by the population effect. As a result, there is a large increase
in Wes(i) in Allston / Brighton.
4.2.3.2 AT PER CAPITA LEVEL
When zero-values are assigned to peripheral trips, passenger-miles savings to an average
commuter is the highest in neighborhoods located in between the CBD and the periphery of
Suffolk County, such as Allston / Brighton, Roxbury, and Jamaica Plain. Results computed with
zero-values being assigned to peripheral trip savings are compared to those when all O-D pairs
are assumed to be impacted by the Urban Ring Project. With zero-value assignment,
neighborhoods located at the periphery of Suffolk County have less passenger-miles savings to an
average commuter; however, neighborhoods in the CBD do not see much change.
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4.2.4 COMPARING PASSENGER-MILES SAVINGS AT THE NEIGHBORHOOD LEVEL VERSUS
PASSENGER-MILES SAVINGS TO AN AVERAGE COMMUTER
The comparison between neighborhood level passenger-miles savings and per capita
level passenger-miles savings is done with the maps. Both Map 11 (neighborhood level
passenger-miles savings) and Map 12 (per capita level passenger-miles savings) are produced to
show the travel "distance" distribution for Scenario B (under the assumption that only transit
riders benefit). When the two maps are studied together, the most obvious difference is that in
Allston / Brighton, passenger-miles savings aggregated to the neighborhood level is much larger
than passenger-miles savings at the per capita level. This is because the large population size in
Allston / Brighton has amplified the distribution of passenger-miles savings to the neighborhood,
if the savings is to be aggregated at the neighborhood level.
Some other neighborhoods receive larger distribution in passenger-miles savings if it is
analyzed at the per capita level than at the neighborhood level. A common characteristic of this
kind of neighborhoods is small population size. An example of such is Mattapan.
4.3 RESULTS USING RIDERSHIP ESTIMATED WITH RESIDENTIAL AND JOB LOCATION
DATA
In this section, I present the results computed using ridership estimated with the
residential data prepared by the Bureau of the Census and job location data prepared by the
Central Transportation Planning Staff (CTPS). The purpose is to determine whether the ridership
estimated with residential and job location data differ significantly from the CTPP ridership. If
the two sets of data resemble each other, the simpler estimated ridership data can substitute the
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more complicated CTPP ridership data. The comparison can be sufficiently done with the results
at the neighborhood level.
I assume that trips between two peripheral neighborhoods are not affected by the Urban
Ring; therefore, zero values are assigned to the distance savings by peripheral trips.
Table 4.8
Fraction of Effective Saving in Travel Distance (weighed by road type)
(Weg)) and Corresponding Ranking for Each Neighborhood i,
Using Ridership estaimted with Census Residential and CTPS Job
Location Data
ScENARIO A: ALL EMPLOYED
RESIDENTS BENEFIT, SCENARIO B: ONLY
REGARDLESS OF MODE OF TRANSIT RIDERS BENEFIT
TRANSPORTATION
NEIGHBORHOOD Wes(i) (%) RANK WeI (%) RANK
EAST BOSTON 1.2 17 1.5 16
CHARLESTOWN 1.0 18 1.0 18
SOUTH BOSTON 3.9 12 4.0 9
CENTRAL 0.3 19 0.3 19
BACK BAY/BEACON HILL 3.5 14 2.7 13
SOUTH END 5.4 7 5.7 6
FENWAY/KENMORE 7.4 5 7.7 4
ALLSTON/BRIGHTON 19.2 1 24.0 1
AMAICA PLAIN 8.6 2 9.6 3
ROXBURY 8.5 3 10.2 2
NORTH DORCHESTER 3.6 13 3.8 10
SOUTH DORCHESTER 7.9 4 7.4 5
MATTAPAN 5.4 6 5.4 7
ROSLINDALE 5.3 8 4.7 8
WEST ROXBURY 5.0 9 2.5 14
HYDE PARK 4.5 11 3.1 11
CHELSEA 2.6 15 2.0 15
REVERE 4.5 10 3.0 12
WINTHROP 2.0 16 1.5 17
Total 100.0 100.0
Source: author's computation
Note: The 16 Boston neighborhoods are listed on the top of the list, in the order according to
the neighborhood's proximity to the CBD. The rest of the Suffolk County cities are listed after
the Boston neighborhoods, followed by the other "Urban Ring cities".
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4.3.1 GENERAL PATTERN - AT NEIGHBORHOOD LEVEL
Allston / Brighton, Roxbury, Jamaica Plain, South Dorchester, and Kenmore / Fenway
get the largest shares of effective savings in travel distance in both Scenario A and B. Wes(i)
received by each of these neighborhoods is at least 7 per cent in both scenarios. On the other hand,
Central and Charlestown receive the smallest shares of benefits in both scenarios - the two
neighborhoods together have less than 2 per cent of Wes(i). The degree of how other
neighborhoods benefit varies with similar pattern in both scenarios: fractions of total effective
savings in travel distance are the highest for neighborhoods intersecting with the Urban Ring,
then diffuses out to the more peripheral areas, and are the lowest for downtown neighborhoods.
Both the neighborhood's location and the number of employed residents in the
neighborhood are factors that determine the magnitude of savings in travel distance. Each of these
factors is analyzed below.
4.3.1.1 PROXIMITY TO THE URBAN RING AND DOWNTOWN
Neighborhoods intersecting with the southern portion of the Urban Ring receive the
largest fractions of total effective travel distance saved, while neighborhoods clustering in and
around the Downtown area receive the least share. The proximity to the Central Business District
(CBD) allows downtown neighborhoods to have relatively short and direct commute to any part
of the County even without the Project. Therefore, the Urban Ring will not significantly shorten
the travel distance starting from these neighborhoods. On the other hand, the Ring can
significantly reduce the distance traveled between two non-downtown neighborhoods. Therefore,
the effective distance saved (d'(ij)) and impacts on non-downtown neighborhoods are much
larger.
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However, even among non-downtown neighborhoods, Wes(i) differs. This is due to other
specific characteristics of each neighborhood, such as population size and density. These
characteristics determine the number of residents in the neighborhood and the residents' choice of
transportation mode. They, in turn, determine how the neighborhood is going to benefit from the
Project. These characteristics may explain why some non-downtown neighborhoods with
relatively small population size and low population density, like Winthrop, receive a very low
share of the benefits, while other non-downtown neighborhoods with large population size and
high density, like Roxbury and Jamaica Plain, receive a large share of benefits.
4.3.1.2 NUMBER AND SHARE OF EMPLOYED RESIDENTS IN THE NEIGHBORHOOD
Since the number of employed residents in the neighborhood (empli) and its share with
respect to Suffolk County (Wempl(i)) are two of the variables determining the fraction of effective
savings in travel distance going to neighborhood i (Wes(i)), the relationship between empli, Wempl(i),
and Wes(i) is worth studying.
At this point, it is useful to review the underlying assumption in using Census residential
data and CTPS job location data to estimate ridership. It is assumed that residents of any
neighborhood choose work locations in proportion to job distribution. Because in Suffolk County,
land area is relatively small and movement of people are not severely impeded, so the above
assumption is expected to work reasonably well. 17 Residents work at where the jobs locate, even
if the place of work is far away from the home. Therefore, estimated ridership for trips starting
from a neighborhood with large number of employed residents is high. In other words, nil is
expected to be high where empli (or, Wempi(i)) is high. When ni is high, and if d'(ij) is significantly
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large, esyj is also expected to be high. If, for neighborhood i, esy are large for most of its
destinations j, aggregated effective distance saved realized by neighborhood i (esi) is large, and
hence Wes(i) for neighborhood i is also large.
In Figures 3 and 4 in the Appendix B, a positive relationship between Wes(i) and Wempl(i)
can be observed. In other words, neighborhoods with a larger share of employed residents
generally experience more significant changes in aggregated effective distance saved, and vice
versa. For example, neighborhoods such as Allston / Brighton, South Dorchester, Jamaica Plain,
and Roxbury all have more than six per cent of Suffolk County's employed residents, and at least
eight per cent of Suffolk County's Wes(i) goes to each of those neighborhoods respectively. On the
other hand, neighborhoods with a lower share of employed residents, such as Charlestown, North
Dorchester, Chelsea, and Central, also have relatively low Wes(i).
In Suffolk County, there is a slight "doughnut relationship" between the number of
employed residents residing in a neighborhood and the neighborhood's proximity to the CBD.
This means that the number of employed residents in neighborhood i (empli) and hence its share
of Suffolk County's total employed residents (Wemp(i)) are the highest for neighborhoods which
are neither too far away nor too close to the CBD, and becomes lower for neighborhoods which
are near downtown and in the periphery of the County., This partly explains why Wes(i) is the
highest for neighborhoods intersecting the Urban Ring, such as Allston / Brighton, Roxbury, and
Jamaica Plain, but lower in other neighborhoods.
Generally speaking, distance from Downtown and the Urban Ring is a significant factor
that determines how much Wesi) a neighborhood is going to receive. The number of employed
17 However, the assumption does not work as well if the analysis focuses on larger area, such as the Route
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residents in a neighborhood (empli) and its share of Suffolk County's employed residents (Wemi(i))
are other determining factors. Nevertheless, intrinsic characteristics of the neighborhood must not
be neglected in projecting the share of benefits a neighborhood is going to receive.
4.3.2 SCENARIO - SPECIFIC OBSERVATIONS
The same two scenarios are developed based on the assumptions on how commuters of
each transportation mode benefit differently from the Urban Ring Project. Results vary in each
case.
Generally speaking, neighborhoods intersecting with the Urban Ring have a higher Wes(i)
in Scenario B, while those at the periphery of Suffolk County have a smaller Wes(i) in Scenario B.
However, the difference between Wes(i) in Scenario A and Wes(i) in Scenario B is small (less than 1
per cent) for most neighborhoods. This is because from the 1990 Census data, a neighborhood
with high Wempl(i) also has high Wpubic(i), and the two variables are almost in direct proportion.
When Wempl(i) is plotted against Wpublic(i), a linear relationship can be observed (Figure 5, Appendix
B).
For some neighborhoods, Wes(i) in Scenario A and Scenario B differed by more than 1 per
cent. In three neighborhoods (Allston / Brighton, Roxbury, and Jamaica Plain), Wes(i) in Scenario
B is more than 1 per cent higher than that in Scenario A. All these three neighborhoods have large
population. Preferences over transit are also strong in these neighborhoods. Allston / Brighton
and Jamaica Plain are rather well served by the train and networked bus routes. Many families in
these Roxbury and Jamaica Plain belong to the low-income group, and find automobiles
unaffordable. For slightly higher-income families in Allston / Brighton, automobiles can also be
128 and Route 495 area where distances are much larger and transit is less useful except for CBD jobs.
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something unaffordable because parking space is scarce and expensive in a densely populated
area. As a result, there are many transit riders in these three neighborhoods, which comprise a
significant share of Suffolk County's transit riders. Therefore, when only transit riders are
assumed to benefit from the Project (Scenario B), these three neighborhoods have higher Wes(i). In
another three neighborhoods (West Roxbury, Hyde Park, and Revere), Wes(i) in Scenario B is
more than 1 per cent lower than W,,(i) in Scenario A. All these three neighborhoods are at the
periphery of Suffolk County. Because of the relatively poor transportation services, many
residents in these neighborhoods prefer private vehicles to transit. Together with the small
populations in these areas, only a few Suffolk County's transit riders live in these neighborhoods.
Therefore, under assumptions made in Scenario B, Wes(i) in these three neighborhoods are lower
than Wes(i) computed in Scenario A.
4.4 CONCLUSION
When CTPP ridership data are used, Central, and Charlestown always receive the least
share of Wes(i), while the largest shares always go to Allston / Brighton, Roxbury, Jamaica Plain,
and South Dorchester. Assigning zero values to distance saved by the Urban Ring for peripheral
trips can affect the outcomes of analyses, and the outcomes are more realistic. Moreover, when
only transit riders are assumed to benefit from the Urban Ring Project (Scenario B), there is a
polarization of results as compared with Scenario A where all commuters are assumed to benefit
(regardless of transportation mode) from the Project. Neighborhoods with already high Wesi),
such as Allston / Brighton, Roxbury, and Jamaica Plain receive even higher Wes(i), while
neighborhoods with smaller Wes(i), such as Roslindale, West Roxbury, and Hyde Park receive
even smaller Wes(i). Since Scenario A is the potential distribution if auto drivers and carpoolers
shift to rider the transit, and Scenario B is the forecast based on current commuting behavior,
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larger Wes(i) in Scenario A for Roslindale, West Roxbury, and Hyde Park implies that the fraction
of benefits (in terms of travel distance saved) going to these remote neighborhoods would be
higher if many auto drivers and carpoolers in Suffolk County shift to ride the transit. This means
if the Urban Ring Project can successfully induce private vehicle commuters to shift their
transportation modes to the transit, even the remote neighborhoods can benefit more than it is
expected based on current commuting behavior.
When estimated ridership is used, downtown neighborhoods benefit the least from the
Urban Ring Project in terms of travel distance saved; on the other hand, neighborhoods
intersecting with the Urban Ring benefit the most from the Project. Because of the large
percentage of transit riders in the latter group of neighborhoods, the fractions of total effective
travel distance saved are even higher if only transit riders are assumed to be affected by the
Project. On the contrary, peripheral neighborhoods have lower Wes(i) when only transit riders are
assumed to be affected by the Project. For most of the remaining neighborhoods, Wes(i) in
Scenario A and Scenario B do not have significant absolute difference (more than 1 per cent
difference).
The distributional pattern using Census and CTPS data as calculated in this chapter is
similar to that when real transportation data from CTPP are used. However, it is necessary to
study the results more closely before drawing any conclusion on the substitutability between the
two sets of data. Results from the two sets of data are compared and discussed in Chapter 5.
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CHAPTER 5
COMPARISON BETWEEN RESULTS FROM THE Two SETS OF DATA:
RIDERSHIP FROM CTPP VERSUS RIDERSHIP ESTIMATED WITH
RESIDENTIAL AND JOB LOCATION DATA
5.1 INTRODUCTION
In the last two chapters, I used ridership estimated by the U.S. Department of
Transportation and my estimation of ridership, respectively, to forecast potential distribution of
travel "distance" 18 savings among Suffolk County neighborhoods. In this chapter, I will analyze
and discuss the similarities and differences of distribution computed from the two sets of
ridership data.
The first set of ridership data is extracted from the 1990 Census Transportation Planning
Package (CTPP) CD-ROM prepared by the U.S. Department of Transportation, Bureau of
Transportation Statistics. This set of ridership data is estimated based on the actual commuting
patterns; it also shows the number of people traveling from one place to another and the
percentage each transportation mode used for each origin-destination (O-D) pair. However, it is
more skill and time demanding to convert the raw data into usable formats. For instance,
ArcView and SQL queries in MS Access have been used to organize the data in this research. 19
Since it is very time and skill demanding to make use of the CTPP data, it is desirable to use other
simpler methods and readily available data to estimate ridership if they give equally good results.
The second set of data is relatively simple to use. It is comprised of place of residence
18 Travel distance is weighted by road type to better approximate travel time. See Chapter 3 for detailed
discussion.
19 Technical notes of the data organizing process can be found in Appendix B-3.
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data and job location data from different sources. Place of residence data are extracted from the
1990 Census STF 3A tables, prepared by the US Bureau of the Census. They include the number
of employed residents in the area, the mode of transportation used by commuters, and commute
time to work. However, this set of data is static, meaning that it does not show the movement of
people. Job location data is prepared by the Central Transportation Planning Staff (CTPS), and
the data show the locations of jobs by Traffic Analysis Zone (TAZ) in 1990. Again, this set of
data is static, and does not show the place of residence where the workers come from. However, it
is less skill and time demanding to use these two sets of data. Therefore, the less complex data
sets would be preferred if ridership estimated with these two data sets are good approximation to
the CTPP ridership.
Using residential data from the Census and job location data from CTPS, and ridership
for all commuters can be estimated as:
= emplix W i
and ridership for transit riders only is:
npublici) = publici x Woi
where
nil = estimated ridership for all commuters
npublic(i) = estimated ridership for transit riders only
publici = number of transit riders in neighborhood i
= number of employed residents in neighborhood i
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= job
JOB
jobj = number of jobs in work zonej
JOB = total number of jobs in Suffolk County
In order to determine whether it would be appropriate to use the ridership estimated with
the two sets of static data to replace ridership given in the CTPP data, I will compare the results
yielded. If the two sets of results resemble each other, then the two datasets are substitutable; on
the other hand, if there are significant differences between the two sets of results, then the simpler
dataset should not be used.
For simplicity, I will use the simplified terms to refer to the following concepts:
TERMS CONCEPTS REFERRED TO
Census data Ridership estimated with the place of residence data from the
1990 US Census and the 1990 job location data from CTPS
Census results results yielded from using "Census data"
CTPP data 1990 residence - work journey ridership from CTPP
CTPP results results yielded from using "CTPP data"
5.2 RESULTS
Wes(i) calculated with each set of data and in each scenario are shown in Table 5.1.
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TABLE 5.1
COMPARING NEIGHBORHOOD'S FRACTION OF "DISTANCE" SAVED ( WEs(t)),
USING Two SETS OF DATA
SCENARIO A: BENEFITS SCENARIO B: BENEFITS
To ALL COMMUTERS, TO PUBLIC TRANSIT
REGARDLESS OF RIDERS ONLYTRANSPORTATION MODE Wes(i)
Wes(I) (%) Wes___(%)
NEIGHBORHOOD CTPP CENSUS CTPP CENSUS
EAST BOSTON 1.5 1.2 1.5 1.5
CHARLESTOWN 1.2 1.0 0.9 1.0
SOUTH BOSTON 2.8 3.9 2.8 4.0
CENTRAL 0.3 0.3 0.4 0.3
BACK BAY/BEACON HILL 2.8 3.6 3.0 2.7
SOUTH END 5.3 5.4 6.0 5.7
FENWAY/KENMORE 6.8 7.4 8.2 7.7
ALLSTON/BRIGHTON 19.6 19.3 25.0 24.0
JAMAICA PLAIN 9.5 8.6 10.5 9.6
ROXBURY 8.8 8.5 9.6 10.2
NORTH DORCHESTER 3.6 3.6 3.4 3.8
SOUTH DORCHESTER 8.0 7.9 7.1 7.4
MATTAPAN 6.5 5.4 6.7 5.4
ROSLINDALE 5.5 5.3 4.6 4.7
WEST ROXBURY 4.2 5.0 2.0 2.6
HYDE PARK 3.0 4.5 2.1 3.1
CHELSEA 2.5 2.6 1.9 2.0
REVERE 5.5 4.5 3.1 3.0
WINTHROP 2.6 2.0 1.4 1.5
Total 100.0 100.0 100.0 100.0
Source: author's computation.
Note: The 16 Boston neighborhoods are listed on the top of the list, in the order according
to the neighborhood's proximity to the CBD. The rest of the Suffolk County cities are listed
after the Boston neighborhoods, followed by the other "Urban Ring cities".
5.3 OVERALL OBSERVATIONS FOR SUFFOLK COUNTY
The overall distribution computed with the CTPP ridership and the Census ridership
resemble each other. In most cases, absolute differences in Wes(i) are less than 1 per cent. If one is
interested in the distribution of benefits from the perspective of Suffolk County, then using either
the real commuting data from the CTPP or the estimated ridership from the Census residence and
the CTPS job location data does not make significant differences.
PAGE 71
CHAPTER 5 COMPARISON BETWEEN RESULTS FROM Two SETS OF DATA
The close resemblance between the results computed with the two sets of data reflects
that locations of most jobs concentrate in one central business district (CBD), while population is
more evenly spread out in the area. It is a conmon phenomenon that the majority of residence-
work trips goes to the CBD if the concentration gradient between jobs in the CBD and in other
places of residence is high. In the model where Census data are used, ridership is estimated based
on locations of residence and jobs. Since the CBD has the major share of Suffolk County's jobs,
there is a high tendency for residents to commute to the CBD for work; the model estimates that
most residence-work trips have destination in the downtown area. Origin-destination (0-D)
distribution from the CTPP data shows that the estimated commuting behavior is a good
approximation of the real one.
However, if one is interested in studying the results more closely from the perspective of
the neighborhoods, then which set of data to use is a matter of concern. Changes in the
neighborhoods can be small from the county's perspective, but significant if analyzed from the
neighborhoods' perspective. A closer study of the differences from the neighborhoods'
perspective is presented as follows.
5.4 MORE DETAILED OBSERVATIONS FOR NEIGHBORHOODS
Generally speaking, neighborhoods in the downtown area have insignificant absolute
differences between results obtained from the two sets of ridership. Wes(i) calculated from the
Census data tend to be overestimated for neighborhoods further away from the CBD, and
underestimated for neighborhoods that are located between the CBD and the periphery of the
County. Table 5.2 summarizes the differences between Wes(i) computed with estimated ridership
based on the Census data and Wes(i) computed with CTPP ridership.
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TABLE 5.2
DIFFERENCE BETWEEN Wes() COMPUTED WITH ESTIMATED RIDERSHIP BASED ON CENSUS DATA AND
Wes(I) COMPUTED WITH CTPP RIDERSHIP
[Wes,) (Census)] - [Wes(,) (CTPP)], %
SCENARIO A:
BENEFITS TO ALL
COMMUTERS, SCENARIO B:
REGARDLESS OF BENEFITS TO TRANSIT
NEIGHBORHOOD TRANSPORTATION MODE RIDERS ONLY GROUP
EAST BOSTON -0.3 0 I
CHARLESTOWN -0.2 0.1 I
SOUTH BOSTON 1.1 1.2 Il
CENTRAL 0 -0.2 I
BACK BAY / BEACON HILL 0.8 -0.3 I
SOUTH END 0.1 -0.3 I
FENWAY / KENMORE 0.6 -0.4 I
ALLSTON / BRIGHTON -0.3 -1 li1
JAMAICA PLAIN -0.9 -0.9 li1
ROXBURY -0.4 0.6 I
NORTH DORCHESTER 0 0.4 I
SOUTH DORCHESTER 0 0.3 I
MATTAPAN -1.1 -1.2 Ill
ROSLINDALE -0.2 0 1
WEST ROXBURY 0.8 0.5 II
HYDE PARK 1.4 1 1I
CHELSEA 0.1 0 11
REVERE -1 -0.1 IlI
WINTHROP -0.6 0.2 I
Note:
-A positive difference means that ridership estimated with the Census data is
overestimated.
-A negative difference means that ridership estimated with the Census data is
underestimated.
-The 16 Boston neighborhoods are listed on the top of the list, in the order according
to the neighborhood's proximity to the CBD. The rest of the Suffolk County cities are
listed after the Boston neighborhoods, followed by the other "Urban Ring cities".
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Based on observation from Table 5.2, the neighborhoods are divided into three groups:
NUMBER OF
GROUP NEIGHBOR- DESCRIPTION EXAMPLES
HOODS
East Boston, Charlestown, Central,
Back Bay / Beacon Hill, South End,
No significant differences Fenway / Kenmore, Roxbury, North
observed Dorchester, South Dorchester,
Roslindale, and Winthrop
Census results always higher South Boston, West Roxbury, Hyde
il 4 than CTPP results across both Park, and Chelsea
scenarios
CTPP results always higher than Allston / Brighton, Jamaica Plain,
Il1 4 Census results across both Mattapan, and Revere
scenarios
For the eleven neighborhoods in Group I, there is no significant difference (less than 1
per cent) between Wes(i) calculated using CTPP data and that using Census data. In addition, Wes(i)
calculated with the CTPP data is often higher in one scenario, but lower in the other one. Most of
these neighborhoods are very close to the CBD. For the four neighborhoods in Group II, Wes(i)
from CTPP results are always lower than that from Census results in both Scenario A (where all
commuters are assumed to benefit regardless of their transportation modes ) and Scenario B
(where only transit riders are assumed to benefit from the Project). They are either at the
periphery of the County or are close to the CBD. For neighborhoods in Group III, Wes(i) from
Census data are always lower than that from CTPP data in both scenarios. These neighborhoods
locate between the CBD and the periphery of Suffolk County.
Any gaps between Wes(i) computed with the Census data and that with the CTPP data can
be interpreted as the difference between real ridership and estimated ridership. If Wes(i) calculated
using Census data is larger, then estimated ridership is higher than actual ones.
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For most neighborhoods in Group I, absolute differences in Wesi,) from the two sets of
data are small. On the contrary, in some cases, the differences in Wesi,) computed with the two sets
of data are larger for neighborhoods in Group II and Group III.
5.4.1 NEIGHBORHOODS WHERE RESULTS FROM CENSUS DATA ARE HIGHER IN BOTH
SCENARIOS
For South Boston, West Roxbury, Hyde Park, and Chelsea, Wesi,) calculated with the
Census data are higher than that with the CTPP data in both scenarios; this can be interpreted as
an overestimate of ridership with the Census data.
There are several possible causes for the Census data to overestimate ridership. One
possible cause is a high tendency of residents in these places to work in the same neighborhood.
Since this type of resident needs only minimum commuting, they do not benefit from the Urban
Ring in terms of travel time or travel distance. Another possibility is that a relatively higher
proportion of residents from these neighborhoods have residence - work trips that are hardly
impacted by the Urban Ring. This can happen if they work in the CBD, or in places that are
neither in Suffolk County nor in the Urban Ring cities. As a result, a fewer-than-expected number
of commuters would benefit from the Urban Ring. These will all lead to an overestimation of
Wesi,) by Census data.
Characteristics of neighborhoods in this group supports my argument above. Chelsea,
Hyde Park, and West Roxbury are at the periphery of Suffolk County. Some residents from these
neighborhoods may prefer to work in nearby places outside the County if such opportunities exist.
As shown in the O-D distribution table in Appendix B-5, among all commuters in West Roxbury
and Hyde Park, most of them either commute to the Central Business District (CBD) or to other
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destinations that are neither in Suffolk County nor in the Urban Ring cities. The pattern is even
more obvious for transit riders, most of whom commute to the CBD. Since most trips made by
these residents are hardly impacted by the Urban Ring, aggregated distances saved from trips
(d(ij)) made by residents in these two neighborhoods are very small. However, the Census data
do not account for this special kind of commuting; the Census data assume people work in places
in proportion to job location distribution. Therefore, the ridership estimated with the Census data
is higher.
There is another factor explaining the overestimation of ridership by Census data in
Chelsea. In Chelsea, an unproportionally large number of commuters - 30 per cent of all Chelsea
commuters - tends to stay within the neighborhood for work, 20 and these workers are hardly
impacted by the Urban Ring. However, when ridership is estimated with the Census data, these
short trips made within Chelsea are not accounted for; a larger number of workers is assumed to
be commuting to other places where jobs are available. Therefore, the Census data overestimate
ridership.
5.4.2 NEIGHBORHOODS WHERE RESULTS FROM CENSUS DATA ARE LOWER IN BOTH
SCENARIOS
In four neighborhoods, Wes(i) calculated with real transportation data from CTPP is always
higher than that from Census Data. These neighborhoods include Allston / Brighton, Jamaica
Plain, Mattapan, and Revere. Census data consistently underestimate ridership, which can be
explained by several possible causes. First, it is possible that there are relatively more residents
from these neighborhoods working in non-CBD Suffolk areas or in other non-Suffolk Urban Ring
20 Please refer to Appendix B-6: Percentage of Commuters Leaving Their Neighborhoods.
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cities, which means that they are making circumferential trips. The Urban Ring can significantly
reduce trip distances for these commuters. However, ridership estimated with the Census data
does not include these trips. Therefore, total travel distance savings computed with estimated
ridership based on Census data is lower than what it should be. It is also possible that relatively
few commuters from neighborhoods in this group work in the same place as they reside. As more
trans-neighborhood commuting is required for these residents, the Urban Ring also brings them
more benefits than estimated.
Some common characteristics of these neighborhoods support my arguments above. The
four neighborhoods are neither too remote from the CBD nor are they located at the city's heart.
They are close to areas other than the CBD where job opportunities also exist; 21 therefore, some
residents may work in those neighboring areas instead of working in the CBD.
From the O-D distribution in Appendix B-5, it can be observed that the percentages of
commuters in these neighborhoods traveling to other non-CBD areas are high. For example,
among all neighborhoods, Allston / Brighton and Jamaica Plain have two of the highest
percentages of commuters working in Cambridge and Brookline. Similarly, a large number of
Revere residents work in Chelsea and East Boston. It is expected that the Urban Ring can save
travel distances for these trips, and generate benefits to Allston / Brighton, Jamaica Plain, and
Revere.
Mattapan is located in southern Suffolk County. From Map 9: 1990 Land Use, the
neighborhood has a high proportion of land dedicated to "open space" and not much to
"commercial" or "industrial". It is unlikely that many job opportunities exist there. From
Appendix B-6: Percentage of Trans-Neighborhood Commuters within Neighborhood, Mattapan
has the highest percentage of residents commuting to other neighborhoods (95.5 per cent for all
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commuters, and 99.2 per cent for transit riders). These figures support the conjecture that the
number of residents commute to other neighborhoods is higher than expect. Therefore, the
number of residents who are impacted by the Project is also higher than expected. It follows that f
the Census data set is used, ridership will be underestimated.
5.4.3 NEIGHBORHOODS WHERE RESULTS FROM CENSUS DATA ARE LOWER IN ONE SCENARIO
ONLY
In some neighborhoods that are in or near the CBD, such as Central, Back Bay / Beacon
Hill, South End, and Fenway / Kenmore, Census data overestimate true ridership in Scenario A,
On the other hand, Census data underestimate true ridership in Scenario B for the same
neighborhoods. I argue that different traveling behavior between an average commuter and an
average transit rider explain why Census data overestimate ridership in one case, but
underestimate in another.
As argued earlier in this chapter, Census data overestimate ridership if many commuters
work in their own residential neighborhood, and / or their trips are hardly impacted by the Urban
Ring at all. On the other hand, Census data underestimate ridership in the neighborhood if
residents tend to work in another non-CBD neighborhood and / or many of them travel the route
that can be shortened by the Urban Ring.
Vast job opportunities can be found in the CBD neighborhoods because of their close
proximity to the major job hubs. If proximity to job is a factor of job accessibility (Shen, 1998),
and as long as the problems of spatial mismatch and skills mismatch (Kain, 1968) are not serious
issues of concern, then it is reasonable to assume that most residents in those neighborhoods tend
21 For example, Brookline and Cambridge are also large employment centers.
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to work in places near where they live. In fact, many workers who live in the downtown
neighborhoods also work in the same area where they live. An extreme example would be Central,
where more than half of the commuting residents in Central work in the same neighborhood. The
pattern can be reflected from the figures in Appendix B-6: Percentage of Trans-Neighborhood
Commuters within a Neighborhood that relatively few commuters in these neighborhoods travel
to other places. We can also observe from the O-D distribution in Appendix B-5 that a very high
percentage of commuters from these neighborhoods either commute within the same
neighborhood or to nearby downtown neighborhoods. 2 However, the Census data ignore these
factors, and so they overestimate ridership for these neighborhoods when all commuters are
included in the universe.
In Scenario A, the universe of count is all workers who do not work at home. This
includes many workers who are "walking commuters", because their homes are so close to their
job locations that they can walk to work. However, in Scenario B, only transit riders are included
in the universe, and the walking commuters are excluded. A number of transit riders do commute
to other non-CBD neighborhoods, and the distances of those trips can be shortened by the Urban
Ring. This explains why in Scenario B where only transit riders are assumed to benefit from the
Urban Ring, Census data underestimate ridership.
In some more remote neighborhoods such as Roxbury, Dorchester, Roslindale, and
Winthrop, Census data underestimate ridership in Scenario A when all commuters are assumed to
benefit, but overestimate ridership when in Scenario B when only transit riders are assumed to
benefit. Census data underestimate ridership if many commuters travel to other Urban Ring cities.
To explain, the cases of Roxbury and Dorchester are highlighted here. From the O-D distribution
in Appendix B-5 and the case in Box 1 (presented later in this Chapter), many commuters from
22 The term "downtown neighborhoods" is defined to be neighborhoods completely within the Urban Ring.
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Roxbury and Dorchester travel to Brookline and Cambridge, but ridership estimated with the
Census data do not account for these trips. This explains why Census data underestimate ridership
in Scenario A. However, when the universe is narrowed to transit riders only, Census data
overestimate true ridership. This is probably because the radial characteristics of Boston's transit
system have made it inconvenient for transit riders from Roxbury and Dorchester to travel to non-
CBD areas, such as Brookline and Cambridge; for some workers, if transit is the only option, they
would prefer working in downtown to working in Brookline or Cambridge. As a result, distance-
savings calculated with the Census data are overestimated.
They include Central, Charlestown, Back Bay / Beacon Hill, South End, and Fenway / Kenmore.
Box 1 The Case of Longwood Medical and Academic Area
The Longwood Medical and Academic Area (LMA) is located adjacent to the Fenway and
Mission Hill neighborhood in Brookline. It is a 175-acre community of health care, educational, and
religious institutions, such as Beth Israel Deaconess Medical Center, Brigham and Women's
Hospital, Children's Hospital, Harvard Medical School, Massachusetts College of Art, Simmons
College, and Wentworth Institute of Technology, etc.. According to the Medical Area Service
Consortium (MASCO), close to 11,000 jobs in the Longwood Medical area are held by residents of
Boston, Chelsea, Dorchester, and Mattapan. Many of these workers are transit riders, and a lot of
them face "horrendous commutes". 1 It can therefore be inferred that there in fact exists intense
circumferential ridership between LMA and Chelsea, Dorchester, Mattapan, and other nearby
neighborhoods. However, this kind of trips can only be reflected by the journey - to - work trip
data from CTPP, not estimated with the Census demographic data and CTPS job data.
(Source: Bluestone and Stevenson; 2000; The Boston Renaissance; New York: Russell Sage
Foundation)
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5.5 CONCLUSION: GENERAL APPLICABILITY OF ESTIMATING RESIDENCE - WORK
RIDERSHIP BASED ON RESIDENTIAL AND JOB LOCATION DATA
In general, for neighborhoods further away from the CBD, Census data tend to
overestimate ridership. This is because in places further away from the CBD, some trips are
"diverted" away to other non-CBD areas. These trips are hardly impacted by the Project, but this
factor is not accounted for when Census data are used to estimate ridership. Hence, when the
Census data set is used, the fraction of travel distance savings going to the neighborhood seem to
be overestimated for places further away from CBD. However, this pattern is not obvious in this
study because the scale of analysis focuses on the county level only. If a larger regional level is
studied, then the difference should be more obvious.
In many cases, Wes(i) only changes slightly (less than 1%) when the CTPP residence-work
journey data are used. This implies that if the study is done from the perspective of Suffolk
County, ridership can be rather well estimated using the Census residential data and CTPS job
location data. However, for some neighborhoods where Wes(i) is small, a minute absolute
difference can be interpreted as significant impacts on the neighborhood. Therefore, if the
purpose of analysis is to study impacts on individual neighborhoods instead of overall distribution
in Suffolk County, using ridership estimated with the Census data and the CTPP data is not
recommended. It also implies that if Census residential data and CTPS job data are used to
estimate real resident-work ridership, extreme care must be taken. Characteristics specific to the
neighborhood, and nature of the data must also be accounted for.
In addition, estimates made from either set of data are static; they do not make any
forecast on the dynamics of impacts. For example, no land use change is forecasted with this
method. Similarly, the direct, indirect, and induced economic impacts of the Project are not
accounted for. Such economic impacts may not be uniformly distributed among the
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neighborhoods. If new jobs are generated and new job hubs are created, or relocation of residents
happens, then residential data and job location data may need to be adjusted accordingly.
Similarly, if the Project leads to changes in commuting behavior and shifts in commuting pattern,
then the CTPP journey-to-work data may need to be modified to account for the changes. The
estimates computed in this study can only serve as a baseline on which potential changes by the
Project can be forecasted based on current situations.
CHAPTER 6
DISCUSSIONS: LIMITATIONS OF THE MODEL, DATA,
AND ITS USEFULNESS IN ANALYZING ECONOMIC IMPACTS
6.1 INTRODUCTION
In the previous chapters, I develop a model to forecast the potential distribution of travel
time savings caused by the Urban Ring Project at the neighborhood level. Under the assumption
that distribution of certain economic impacts depend upon distribution of travel time savings,
distributional impacts of selected economic benefits forecasted by a economic model can be
computed.
In the model, I use travel distance to approximate travel time. Variables used include
travel distance between each origin-destination (O-D) pair and ridership data. There are two
sources of ridership data. The first source is the Census Transportation Planning Package (CTPP).
It contains ridership for each O-D pair at traffic analysis zone (TAZ) level, which are estimated
by the U.S. Department of Transportation (DOT) based on Census survey. This set of data is
difficult to use. The second set of ridership data is my estimation, based on residential data from
Census and job location data from the Central Transportation Planning Staff (CTPS). This set of
data is easier to use, but may differ from the "real" CTPP ridership data. I then compare travel
time savings distributions computed with ridership data from different sources. To respond to
different possible outcomes, scenarios are built, based on different assumptions about how
commuters of different transportation modes are going to benefit from the Urban Ring Project.
Highlights of the findings are as follows. My estimation of ridership only deviates
slightly from the ridership given in the CTPP data set. Allston / Brighton, Roxbury, and Jamaica
always receive the largest fractions of total travel time savings, and the downtown neighborhoods
always receive the least. However, the fraction of travel time savings going to each neighborhood
differs by scenario and by source of ridership used in the computation. Generally speaking, when
only transit riders are assumed to benefit from the Project, neighborhoods having large number of
transit riders have larger fraction of total travel time savings. Ridership estimated with residential
and job location data tends to be overstated in neighborhoods at the periphery of Suffolk County.
However, at the county level, there is no clear relationship between location of a neighborhood
and ridership of trips with origins in the same neighborhood.
Because labor productivity change is one of the economic impacts that are closely related
to travel time savings, I decide to compute the distribution of labor productivity change, based on
the results of travel time savings distribution computed with the model I developed. In this study,
the REMI model is used to forecast labor productivity change. The work is shown in Appendix A.
It is concluded that the REMI model is incompetent to forecast labor productivity caused by
travel time savings.
No model is perfect. Limitations of the model and / or external constraints will always
affect the results. In this chapter, key limitations and constraints are discussed. It is hoped that by
understanding these constraints and limitations, the model can be improved for research of the
same kind in the future.
Two types of limitations and constraints will be discussed here: limitations of the model
developed and data constraints. Some problems from model limitations can be overcome by
making more comprehensive and realistic assumptions, and data problems can be solved if higher
quality data are available
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6.2 LIMITATIONS OF THE MODEL
Model setup, assumptions on travel behavior, scale of analysis, and other factors can all
affect the results computed. They are discussed in this section.
6.2.1 ASSUMPTIONS ON TRAVEL BEHAVIOR
6.2.1.1 REPRESENTATIVE POINTS
Ideally, travel distance for each O-D pair should be computed at the same level of the 0-
D distribution, which is TAZ in this case. However, in this study, travel distance is computed
after the 0-D pairs are aggregated to the neighborhood level. Travel distance of the new 0-D
pairs at the neighborhood level is assumed to be the road distance between the label points 23 of
the origin neighborhood and destination neighborhood, respectively.
Two problems arise when the label points are used to represent a neighborhood. First,
there are several TAZ's in one neighborhood, but there is only one label point for each
neighborhood. In other words, a label point represents several TAZ's. In most cases, the label
points are not positioned in the TAZ's it is representing. Therefore, trip distance for O-D pairs at
the neighborhood level can be very different from the trip distance for O-D pairs at the TAZ
level. Second, the label points are not the best points to represent the neighborhood. They may
not overlay with the points where the median or average resident lives; similarly, they may not be
in place with the locations of the most "representative" businesses of the neighborhood.
Therefore, using the label points to estimate distances between neighborhoods may not be
sufficiently representative. This non-representative problem can be avoided if travel distance
23 The label points are the red dots in Map 1: Boston Neighborhoods and the Proposed Urban Ring.
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between each O-D pair at TAZ level is computed. However, analysis at the TAZ level is very
computational intensive, and is beyond the scope of this thesis to do so.
6.2.1.2 UTILITY OF THE URBAN RING
When savings in travel distance is calculated, the new routes are assumed to be the
shortest distance between origin neighborhood i and the entry point of the Urban Ring, the
segment between entry and exit points of the Urban Ring, and the shortest distance between the
exit point of the Urban Ring and the destination work zone j. However, such entry / exit points of
the Urban Ring are imaginary points; they may not exist in reality. In addition, if a commuter
using such routes needs to make several transfers, more time is needed to make the trip. The
commuter will derive very low utilities using the Urban Ring. Therefore, commuters may be
reluctant to use this new Project, and aggregated effective travel time savings will be lower than it
is calculated in the model.
6.2.2 ASSUMPTIONS OF THE MODEL
6.2.2.1 STATIC NATURE
The model focuses on the short term impacts of the Urban Ring. It has not handled the
possibility of land use change and relocation of people and jobs. No new commuting pattern is
assumed with the construction of the Urban Ring. However, since the Project is supposed to
facilitate the movement of people and goods in the area in a longer term, it is very likely that
more people and / or businesses will concentrate along the Urban Ring corridor, such as
Somerville, Everett, and Chelsea. It is not sure whether and when this will happen, but whenever
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there is major relocation of people and businesses, new origin-destination (O-D) distributions will
need to be used to forecast the distribution of benefits.
6.2.2.2 AREA OF ANALYSIS
The area of analysis of this study is only limited to Suffolk County. However, it is indeed
very difficult to determine the incidences and causes of economic impacts because the
metropolitan area is rather well connected by road infrastructure, and the connectivity is expected
to improve even further with the Urban Ring. A large percentage of trips with destinations in
Suffolk County originates from other cities in the metropolitan area, and many trips that start
from Suffolk County end in other areas. In other words, many Suffolk County residents hold jobs
outside the County; likewise, many establishments located in Suffolk County hire non-Suffolk
County residents. Therefore, it is preferable to study the economy of the metropolitan area as a
whole and forecast the spatial distribution of economic impacts of the region, rather than of
Suffolk County only.
6.3 DATA CONSTRAINTS
6.3.1 OUTDATEDNESS
1990 demographic and transportation data are used in this study. Although they are the
most updated data available today (2001), these data are already ten years old and may not reflect
the current situations, not to mention producing forecasts based on the outdated data. When the
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2000 Census data become available in the next few years, 2 more up-to-date patterns can be
portrayed.
Moreover, when data from more census surveys are available, data used should be both
cross-sectional and time-series to improve the reliability of the estimates.
6.3.2 STATIC NATURE
As discussed earlier, Census data are static in nature. They only reflect the characteristics
of places when the data were collected, and do not suggest any possible changes in the future.
Therefore, it is not sufficient to use Census data alone to produce comprehensive forecasts.
6.4 USEFULNESS OF THE MODEL IN ANALYZING ECONOMIC IMPACTS
The objective of this model is to forecast the distributional impacts of travel time savings
at the neighborhood level. Given forecasts of certain economic impacts, the model can serve as a
framework for computing the distribution of such impacts. Economic impacts that are closely
related to travel time savings can be forecasted by a number of commercially available models. In
Appendix A, I have used the REMI model to forecast labor productivity changes from the Urban
Ring. However, only costs, but not benefits of travel time savings, are input into the REMI model.
Moreover, the REMI model BRA uses is not tailored to forecast economic impacts of an
24 Summary File 3 (SF3) containing sampled population counts on tract level and selected population and
housing characteristics on block group level are scheduled to be released sometime between June to
September of 2002. Source: U.S. Census Bureau homepage (http://www.census.gov).
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infrastructure project that is similar to the Urban Ring. Therefore, the REMI model is not ideal for
producing economic impacts generated by the Urban Ring Project.
CHAPTER 7
CONCLUSION
I conclude my thesis first by reviewing the methodologies and results of the two analyses
I have developed, followed by a comment on the work. The first analysis is using a model I
develop to forecast the distribution of travel time savings at the neighborhood level. The second
analysis is to study the potential of disaggregating labor productivity change forecasted at a
county level into neighborhood level, based on the travel time savings distribution forecasted in
the first part of the thesis. Both travel time savings and labor productivity change are caused by
the proposed Urban Ring Project.
7.1 REvIEW: DISTRIBUTION OF TRAVEL TIME SAVINGS
In the first part of this thesis, a model is developed to forecast how travel time savings
caused by the proposed Urban Ring Project will be distributed at the neighborhood level in
Suffolk County. Total savings of travel time in a neighborhood is a function of two factors: (1)
travel time saved for each O-D pair; and (2) number of trips made, or ridership, for each origin-
destination (O-D) pair. Travel time is assumed to be approximated by travel distance weighted by
road type, meaning that it takes longer time to travel a longer distance, but if the traveling is done
on a major road, then travel time is shorter. Ridership data can be obtained from two different
sources. The first source of ridership is the Census Transportation Planning Package (CTPP)
prepared by the U.S. Department of Transportation (DOT). The DOT estimates ridership based
on commuting pattern in the surveyed sample, and is believed to reflect real ridership. However,
it is difficult to use this set of data. The second source of ridership is estimated with the
residential data from Census and job location data provided by the Central Transportation
Planning Staff (CTPS). It is easier to use, but since many assumptions are made in estimating
ridership with these two sets of data, estimated ridership may not resemble the one from CTPP.
Therefore, results computed with the two sources are compared.
Scenarios are also built to deal with the fact that commuters of different transportation
modes may realize travel time savings in different ways. In Scenario A, all commuters are
assumed to benefit from the Urban Ring Project, regardless of transportation mode they use.
Under the assumptions in this scenario, the maximum potential total travel savings are forecasted,
and distribution is computed. This can happen under two conditions: (1) all private vehicle riders
shift their transportation modes to transit; or (2) some private vehicle riders shift transportation
mode to transit if the change can save their travel time. Since fewer cars are running on the road,
the rest of the private vehicle drivers will experience less traffic, and so their travel time will be
saved as well. This is the forecast of total travel time savings based on the commuting pattern
after a maximum potential change in transportation mode shifting; therefore, the total time
savings computed is likely to be overestimated. In Scenario B, it is assumed that only transit
riders can realize travel time savings caused by the Urban Ring Project. This is a forecast of total
travel time savings based on current commuting behavior, and does not account for the possible
shift in mode of transportation; therefore, the total travel time savings computed is likely to be
underestimated.
Three maps (Map 10, 11, and 12) have been produced to show results in selected
scenarios graphically. On the maps, the heights of the bars are proportional to the fraction of total
travel time savings going to the neighborhood. It is found that regardless of scenario and data set
used, residence-to-work trip time (or distance weighted by road type) savings will be the greatest
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for residents in Allston / Brighton, Jamaica Plain, and Roxbury. On all three maps, the heights of
the bars are the tallest for these three neighborhoods. On the other hand, commuting of residents
in the downtown area (such as Central and Charlestown) is basically not affected at all. On the
maps, the height of the bars are the shortest for these two neighborhoods. If it is assumed that
only transit riders will benefit from the Urban Ring Project, then Allston / Brighton, Jamaica
Plain, and Roxbury will benefit even more from reduction in travel distance because many
commuters in these neighborhoods are transit riders. In other words, Roxbury and Jamaica Plain
residents can expect significantly shorter commuting time upon the completion of the Urban Ring
Project. Graphically, in Map 11 (Scenario B), the bars in Allston / Brighton, Roxbury, and
Jamaica Plain are much taller than the bars protruding from other neighborhoods. However, this
is less obvious in Map 10 (Scenario A). Since Roxbury and Jamaica Plain have a large population
of poor people who cannot afford a car and who have to spend above-average commuting time, it
can be said that the Project achieves the objective of targeting the poor and the disadvantageous
in the city by reducing their commuting time.
However, if the total travel time savings are normalized by the number of commuters in
the neighborhood, the difference between neighborhoods will be smaller. Map 12 shows the
travel time savings of each neighborhood on a per capita basis, assuming that only transit riders
benefit from the Project. Since neighborhoods, like Allston / Brighton, that have large benefits in
travel time savings also have large populations, the per capita benefits are not as skewed as the
benefits aggregated to the neighborhood level.
Travel time savings distribution computed with the two sets of ridership data 25 are
compared. I find that the results from the two data sets do not differ by a large extent on the
overall level, but the relative difference can be large at the neighborhood level. Therefore, if the
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objective is to study overall distribution in Suffolk County, using the simpler Census data should
not create many problems. However, if the objective is to study the specific savings in travel time
at the neighborhood level, using the simpler set of data is not recommended.
It must also be pointed out that the focus of travel time savings distribution is short term.
In this analysis, land use pattern, location of jobs and places of residents are assumed to be
unchanged. In the long term, it is expected that the Urban Ring will allow some shifts in the
location of jobs, and the jobs will be less concentrated in the CBD and more distributed along the
circumferential corridor.
7.2 REvIEW: DISTRIBUTION OF ECONOMIC IMPACTS
Distribution of travel time savings across neighborhoods can be used to estimate the
distributional impacts forecasted by a regional economic model. In the last part of this research, I
have attempted to do so, using labor productivity forecasted by the REMI model. The work is
shown in Appendix A. It is assumed that the distribution of labor productivity depends upon the
distribution of travel time savings among neighborhoods. 26
I concluded that it is inappropriate to use the REMI model to forecast labor productivity
caused by travel time saved, which in turn is caused by a transportation infrastructure project.
This is mainly because of two reason. First, there is no monetary value assigned to the reduction
in commute time in this model, and so the REMI model treats time savings as an amenity gain.
The amenity gain is reflected as changes in the labor block of the model, but not in the output
block. Therefore, the REMI model does not forecast output increases cased by travel time
25 The first set of ridership data is available from the CTPP package; the second set of ridership data is my
estimation based on residential and job location data.
26 Please refer to Appendix A for details.
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savings. Second, in the REMI version that the Boston Redevelopment Authority (BRA) uses, the
only two study types relevant to a transportation project are "highways" and "high speed rail", but
none of them is a good description of the nature of the Urban Ring Project. Therefore, it is
concluded that it is inappropriate to use the REMI model to forecast the Urban Ring's impacts on
labor productivity in Suffolk County that is caused by travel time savings.
7.3 FINAL WORDS
Forecasting the distribution of the Project's benefits is useful. With the different
distributions computed for different possible conditions, policy makers can more readily respond
to the possible outcomes resulting from the interaction between incidence of benefits and
characteristics of the stakeholders.
The model developed in this thesis only provides a framework to study the potential
distribution of travel time savings. How the distribution pattern is going to impact the
neighborhoods and region also depends on the land use, demographic, and business
characteristics in the area. Therefore, it is recommended that policy makers and analysts should
focus on these other characteristics as well. Once the relationship between distributional effects of
travel time savings, land use change, and economic growth is well understood, transportation
system can be better used as a tool for expansion of jobs and income opportunities in depressed
areas.
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APPENDIX A
INTEGRATING THE DISTRIBUTION MODEL DEVELOPED
WITH ECONOMIC MODELS
Al INTRODUCTION
In Chapters 3 and 4 in this thesis, the neighborhood distribution of travel time savings
caused by the Urban Ring Project is computed for Suffolk County. Certain economic impacts are
directly resulted from travel time savings. If such economic impacts are forecasted with economic
models, distribution of such economic impacts can also be forecasted. In this appendix, I argue
that labor productivity change is mainly caused by reduction in travel time. I attempt to
disaggregate labor productivity change forecasted by the REMI model in Suffolk County into
neighborhood level. I also comment on the appropriateness to use the REMI model to forecast
labor productivity change caused by the Urban Ring Project.
Studies have shown that additional public capital investment has a positive impact on
productivity (Banister and Berechman, 2000). Moreover, values of travel time savings can take
into account personal income, working hours and the length of trip (measured by time) (Smith,
1999). There are two types of productivity: (1) labor productivity, defined as the amount of
output per worker employed, or amount of output per workhour; (2) capital productivity, defined
as the amount of output per capital input. Because labor productivity can be resulted from travel
time savings (which is discussed later in this section), and the REMI model forecasts changes in
labor productivity, I will study the distribution of labor productivity change caused by the Urban
Ring Project.
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As mentioned above, labor productivity can be defined either as output per worker
employed, or output per workhour. A transportation infrastructure project can increase labor
productivity in several possible ways. If one of the achievements of the project is reduction in
travel time, commuters may internalize travel time savings by working additional hours or
spending time on leisure. Labor productivity, if defined as output per worker employed, will
increase under two conditions: (1) labor hours are positively correlated to output (meaning that
more output is produced if the laborer work more hours); and (2) the laborer internalizes travel
time savings by working more hours. These are two necessary, but not sufficient, conditions of
labor productivity (defined as output per worker employed) increase. For instance, the work-
leisure trade-off is a determinant of how much additional work is performed. Only if the laborer
chooses to internalize at least some of his / her time savings by working more hours, there will be
more output.
Another way a piece of transportation infrastructure can increase labor productivity is
under the assumption that how much a worker produces depend on how happy he / she is. Since it
is generally true that a worker produces more if he / she is happier, and since it is reasonable to
assume that a worker is happier if he / she does not need to spend as much time on commuting
(which is because of traffic improvement by the transportation infrastructure), then labor
efficiency will be higher. It means that output per hour increases. If the laborer works at least the
same workhours, more output will be produced. In other words, labor productivity (defined as
output per worker employed) increases.
Here, I attempt to study the distribution of labor productivity change caused by the Urban
Ring Project. The focus is short run, meaning that there is no major relocation of people and jobs,
and no change in land use pattern. I focus on labor productivity as defined as amount of output
per worker employed. The major assumption I make is that distribution of labor productivity
change is the same as distribution of travel time savings caused by the Urban Ring Project.
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Distribution of travel time savings has been computed using the methodology developed in the
previous few chapters. Labor productivity in Suffolk County is forecasted using the Boston
Redevelopment Authority (BRA) version of the REMI model.
A1.1 ASSUMPTIONS ON THE RELATIONSHIP BETWEEN TRAVEL TIME SAVINGS AND LABOR
PRODUCTIVITY CHANGE
In the previous chapters, a methodology has been developed to forecast the potential
distribution of travel "distance" savings caused by the Urban Ring Project. Travel "distance" is
weighted by road type to approximate travel time savings. 1 Commuters can internalize travel
time savings in different ways. For example, some individuals prefer spending the "extra" amount
of time on leisure activities that are sacrificed because of limited time constraint, while other
individuals prefer spending the commute time saved on working more hours. In the latter case,
there will be increase in productivity (defined as output per worker employed) as more output is
produced by the same individual, assuming there is a positive relationship between output and
time spent on work.
I do not attempt to determine the marginal rate of substitution between work and leisure
activities in this thesis. In other words, I do not study how a worker would allocate time savings
on different activities, or the proportion of time saved that is spent on producing more output.
However, I assume that on average, individuals allocate the same proportion of time savings on
different kinds of activities; from this, it can be concluded that the additional amount of time
spent on doing more work is proportional to the travel time savings, while leaving the exact value
of multiplier still undetermined. At an aggregated, neighborhood level, the total additional
amount of time spent on doing more work is proportional to the total savings in travel time
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(approximated by the total savings in travel distance) in the area. It is already assumed earlier in
this appendix that there is a positive relationship between time spent on work and output. In a
short run, labor mobility is low (Gallaway, 1963), and so there is no change in the number of
laborers. Based on these assumptions, labor productivity increase is proportional to the total
savings in travel distance in the area.
In the previous chapters, a model is developed to compute the fraction of total savings in
travel distance going to each neighborhood. In other words, the distribution of savings in travel
distance is computed. Based on the assumptions in the previous paragraph, the fraction of total
labor productivity change going to neighborhood i is also proportional to the fraction of total
savings in travel distance in the same area. In other words, distribution of labor productivity
change is the same as distribution of travel time savings.
A1.2 ANOTHER ASSUMPTION ON LABOR PRODUCTIVITY - DISTRIBUTION BY WORKERS'
PLACE OF RESIDENCE
Another assumption made in this thesis is that labor productivity is distributed based on
the workers' place of residence. This means if residents in neighborhood i save much time from
traveling to work, labor productivity in this neighborhood will increase proportionally. This
assumption is controversial, as some may argue that labor productivity should, in fact,
distribution by place of work; this means that labor productivity increase should be in proportion
to the time saved by laborers working in work zone j. Although it may be better to assume
distribution of labor productivity by place of work, it is beyond the scope of this thesis to explore
all possibilities. Therefore, only one possibility is explored.
1 Please refer to Chapter 3 for detailed discussion.
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If, in the future, analysts want to work on the assumption that labor productivity
distribution is dependent upon place of work, minor adjustments can be made to the models
developed in the previous chapters.
7.2 OVERVIEW OF REMI
There are several economic impact forecasting models available, and I am going to
discuss the applicability to apply one of these models to study economic impacts of the Urban
Ring Project. The one I have chosen for this study is called the REMI model, named after its
Massachusetts-based developer, Regional Economic Modeling, Inc..
A2.1 WHY, OR WHY NOT REMI
The REMI model is used in this study for several reasons. First, it produces labor
productivity forecasts based on the interrelationship between inputs and outputs, using data
relevant to the area of study. Second, the level of aggregation of outputs is practical for the
purpose of this research. Outputs are given at Suffolk County level that directly shows the
geographic area of interest, yet large enough to be further disaggregated into even smaller
geographic units so that distributional effects can be explored. Outputs at more disaggregated
levels are not produced because both economic data and economic relationships at these levels
are unavailable. Lastly, the Boston Redevelopment Authority (BRA) is using REMI to forecast
the economic impacts of several projects in Boston, and the Urban Ring is one of those. Therefore,
with the help of this study, I would like to comment on the appropriateness of applying the REMI
model to forecast economic impacts of the Urban Ring.
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However, using the REMI model to study economic impacts of the Urban Ring in this
research does not suggest that it is the best economic model for this case. Since no model is
perfect, I will study the results produced using the REMI model, and discuss its applicability for
the analysis of the selected economic impact of this particular Project.
A2.2 REMI DATA
The REMI model is customarily built for a geographic area. The model I have been using
for my thesis is customized for the Boston Redevelopment Authority (BRA), and the geographic
area of concern is Suffolk County and the five metropolitan areas (MSA). 2 All forecasts are
presented at the Suffolk County level or at the MSA level.
Using data from the Bureau of Economic Analysis, the Bureau of Labor Statistics, the
Department of Energy, the Census Bureau, and other public sources, the model produces
economic forecasts based on cause-and-effect relationships that have been developed in the past
two decades. Two key assumptions with mainstream economic theory underlie the model: (1)
households maximize utility, and (2) producers maximize profits.
A2.3 MODEL OVERVIEW
In the model, forecasts are made based on the interrelationships between inputs and
outputs, which are illustrated in the following diagram:
2 The five MSA counties include Essex, Middlesex, Norfolk, Plymouth, and Suffolk.
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Figure Al REMI Model Overview
OUTPUT
Population & Labor & Capital MARKET
Labor Supply Demand SHARES
Wages, Prices,
& Profits
The output block sells to all the sectors of final demand as well as to other industries. The
Labor and Capital Demand block shows how labor and capita requirements depend both on
output and their relative costs. Population and Labor Supply contribute to demand and to wage
determination in the product and labor market. Demand and supply interact in the Wage, Price,
and Profit block. Once prices and profits are established, they determine market shares, which
along with the components of demand, determine output. All these elements are brought together
by the REMI model to determine the value of each of the variables for each year. The model
includes all inter-industry relationships that are an input-output model in the Output block, but
also goes beyond the input-output model by including the relationships in all of the other blocks
(REMI, 1982a).
To introduce a policy change, such as infrastructure investment, costs and other factor
changes are input into the corresponding model variables. Using the economic relationships built
in the model, forecasted outputs of different types are generated.
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A2.4 LABOR PRODUCTIVITY
Labor productivity is affected by industry employment and industry output, with the
relationship highlighted below. By the REMI model's definition, labor productivity is the amount
of output per laborer used for producing that output. Outputs are produced using labor, capital,
and other inputs. An increase in the price of any one of these inputs leads to substitution away
from that input to other inputs, and the demand for labor, capital, and other inputs depends on
their relative costs. Changes in labor productivity can be caused by changes in output holding all
input factors unchanged, changes in one or more than one input factor while output is unchanged,
or changes in both input and output. For example, an increase in labor productivity can be caused
by a decrease in employment or an increase in output. A decrease in employment can be caused
either by a decrease in output or a decrease in labor intensity, and a decrease in labor intensity can
be caused by a decrease in relative capital costs or relative fuel costs or an increase in relative
labor costs. Finally, output is affected by changes in demand and the Regional Purchase
Coefficient (RPC) (REMI 1 9 8 2 ) 3
A3 INPUT VARIABLES
In this paper, I use the costs estimated by the agencies that implement the Project. Capital
investment costs and annual operation and maintenance (O&M) costs are estimated based on the
figures given in the Preliminary Draft of the Major Investment Study Progress Report for the
Circumferential Transportation Improvements in the Urban Ring Corridor (MIS Report),
prepared by the Massachusetts Bay Transportation Authority (MBTA) and the US Department of
Transportation (DOS) in March 2000. In the MIS Report, three final alternatives have been
3 The regional purchase coefficient (RPC) for the output of industry i is the proportion of local use that is
supplied locally. Source: Treyz (1993).
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developed for later consideration, and three sets of major investment and O&M costs are
available, one for each alternative. Later, in an MBTA newsletter, The Urban Ring -
Massachusetts Bay Transportation Authority Circumferential Transit Improvements, published in
Winter 2000/2001 after the MIS Report is produced, the number of alternatives is reduced to two.
For my research purposes, costs for Alternative 1 in the MIS Report are used because it is the
closest version to the two alternatives in the Winter 2000/2001 newsletter.
Major capital investment and O&M costs are not ready to input into the REMI model
because they are structured differently. For the REMI input, all figures must be in the form of
annual investment. Moreover, the figures must correspond to the type of investment that is
recognized by the REMI mode. 4 However, costs in the MIS Report are not phased. They are one-
time figures categorized by cost components. Therefore, each cost component given in the MIS
Report has to be phased into annual figures and matched with the REMI variable that best
describes it. The judgment of how to assign each variable into its corresponding phase is based on
information provided in the MIS Report and the MBTA Winter 2000/2001 newsletter. A detailed
work describing how each cost component is translated into its REMI Variable is in Table A2 at
the end of this Appendix: REMI Terminology Translation.
The MIS Report only gives the total estimated capital and O&M costs for the whole
Project. However, for the REMI model, only two levels of input are allowed: input in Suffolk
County and in the other four MSA counties aggregated. For either input method, capital and
O&M costs must be broken down. There is no reference from any source how each jurisdiction is
going to bear the cost burdens; so I assume that total capital and O&M costs are proportional to
the length of the Urban Ring segment, except for a few cases where the costs are clearly area-
specific. Such exceptions include wetland mitigation in Everett, vibration control near MIT and
4 Please refer to the end of this Appendix for the examples for a partial list of "variables" that is recognized
by the REMI model.
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Longwood Medical Center, and Green Line extension at the West end of the Line, etc.. Other
major capital and O&M costs are multiplied by 66%, which is the proportion of the Urban Ring
segment inside Suffolk County. Major capital investment and O&M costs broken down by year
and by type to input into the REMI model are in Table A3 at the end of this Appendix: REMI
Input.
It is assumed that the Project starts in 2002, two years after the MIS report is released.
Based on the information from the MIS report and the MBTA newsletter (Winter 2000/2001), it
will end in the sixteenth year.
A4 RESULTS
The REMI model does not generate overall labor productivity forecasts in the whole
economy. Instead, labor productivity forecasts in individual sectors are produced. Results are
shown in Table Al.
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Table Al
REMI Labor Productivity Forecasts
Labor Productivity (Output over Emp Fixed 92$) - Differences
Variable 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Durables Manuf -7 -4 -3 -1 -1 -2 -3 -4 -4 -5 -214 -223 -231 -239 -246
Non-Durbis Manuf -65 -116 -161 -201 -237 -270 -299 -322 -342 -363 -307 -262 -228 -202 -186
Mining 1 5 8 10 12 14 15 16 17 17 21 23 24 23 21
Construction 0 1 1 2 2 3 3 3 4 4 7 11 16 21 27
Trans.&Public Util. -214 -216 -219 -223 -227 -232 -236 -239 -247 -659 -263 -274 -287 -300 -775
Fin&lns&Real Est -5 -1 2 4 6 6 7 7 7 3 -15 -13 -13 -15 -23
RetailTrade 2 0 0 0 0 0 0 0 0 3 3 2 2 2 4
WholesaleTrade 0 1 2 3 3 4 4 5 5 5 6 6 6 6 5
Services 17 16 15 15 14 14 13 13 13 13 19 18 17 15 14
Agri&For&Fish Serv 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
Labor Productivity (Output over Emp Thous Fixed 92$) - Percent Change (%)
Variable 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Durables Manuf 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.06 -0.06 -0.06 -0.06 -0.06
Non-Durbis Manuf -0.04 -0.07 -0.09 -0.11 -0.13 -0.15 -0.16 -0.17 -0.18 -0.19 -0.16 -0.14 -0.12 -0.10 -0.09
Mining 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Construction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.03
Trans.&Public Util. -0.14 -0.14 -0.14 -0.14 -0.14 -0.14 -0.14 -0.14 -0.14 -0.36 -0.14 -0.15 -0.15 -0.15 -0.39
Fin&lns&Real Est 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 -0.01
Retail Trade 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.01
Wholesale Trade 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Services 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.02
Agri&For&Fish Serv 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Source: Regional Economic Models, Inc.; Boston Redevelopment Authority (2001) version.
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As shown in Appendix 13: REMI Labor Productivity Forec7asts, REMI's forecasts on
changes in labor productivity as a result of the Urban Ring Project are negligible for most sectors
and negative for a few sectors. Percentage changes in labor productivity (relative to a "no project
case") for most sectors are less than 1 per cent; absolute productivity changes are negative for the
two manufacturing sectors and the transportation and public utilities sector. The services and
construction sectors record consistent positive productivity changes over all Project years; the two
trade sectors have positive, but negligible, labor productivity changes.
A5 DISCUSSION OF RESULTS
It is concluded that the REMI model does not do a good job dealing with economic
impacts of a transportation infrastructure project, especially with the impacts resulted from travel
time savings. In this section, validity of assumptions made, the REMI model's capability, and
other limitations are discussed.
A5.1 RELATIONSHIP BETWEEN TRAVEL TIME SAVINGS AND LABOR PRODUCTIVITY
In this study, I argue that labor productivity distribution is the same as travel time savings
distribution, based on the arguments developed and assumptions stated earlier. Some of the
arguments and assumptions include: an average commuter in the neighborhood has more or less
the same marginal rate of substitution between work and leisure as other commuters in the same
neighborhood; at least some savings in travel time is used to work more hours, which in turn lead
to more output, among others. However, should these arguments and assumptions be invalid,
PAGE A- 12
APPENDIX A INTEGRATING DISTRIBUTION AND ECONOMIC MODELS
travel time savings cannot be translated into labor productivity increase, and travel time savings
distribution cannot be used to forecast labor productivity change distribution.
Moreover, it is assumed that labor productivity is distributed by place of residence of the
workers. The underlying assumption is that output equals income, and income is mostly
consumed at the place of residence. However, whether labor productivity is distributed by place
of work where output is produced or by place of residence where most output is consumed is
controversial. If labor productivity is assumed to be distributed by place of work, then the fraction
of total travel distance savings going to residents in the neighborhood should not be used as a
proxy to labor productivity distribution. Characteristics related to job location should be used as
the proxy instead.
A5.2 ECONOMIC RELATIONSHIPS ADOPTED BY THE REMI MODEL
Results calculated by the REMI model are largely dependent on the economic
relationships and economic models it assumes. Economic relationship and models relevant to
labor productivity are discussed here.
A5.2.1 INCAPABILITY OF ECONOMIC MODELS EMBEDDED FOR TRANSPORTATION
PROJECTS
Non-representing Study Type
The output equations embedded in the REMI model are based on the Keynesian demand
function, where output is the sum total of consumption, investment, government expenditures,
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and net exports (Treyz, 1993). Although it solves for the direct, indirect, and induced economic
impacts as a result of the investments, the impacts are project-type specific. The BRA version of
the REMI model only provides two types of transportation projects: (1) Highway, and (2) High
Speed Rail. The Urban Ring Project belongs to neither one of these. As there is no other option
except to input the variable by "Study Type", the "High Speed Rail" type is often selected.
However, this study type is obviously not very appropriate to study economic impacts of the
Urban Ring.
Gains without Monetary Value
The reason that REMI is incapable of studying labor productivity change by this type of
transportation infrastructure investments can also be studied in the following way. For a
transportation infrastructure project, several types of direct effects are produced: (1) construction
and construction financing effects; (2) operating effects; (3) environmental effects; (4) tourism
effects; (5) cost savings for businesses; and (6) cost savings (including safety improvements) for
consumers and commuters. The last category, cost savings for consumers and commuters,
directly affects labor productivity change. However, the savings to commuters is a reduction in
commute time. No monetary value has been assigned to time savings, as far as this study is
concerned. It means that no monetary value is associated with the reduction in commute time in
the REMI model. Travel time savings is treated as an amenity gain, which increases the net
number of migrants into the area and hence labor markets and employment (Treyz, 1993). These
two effects do not lead to increase in output, but increase in employment; and together they result
in lower labor productivity.
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Increasing transportation capital stock (or service flows), should improve the calculated
labor productivity where transport capital and labor are complementary inputs. However, when
using REMI to forecast economic impacts of the Urban Ring, only the capital and 0 & M costs
are entered into the model. There is no estimate for increased consumption derived from leisure
activities and reduced commuting expenditures (fuel, vehicle wear-and-tear, etc.). A substantial
set of impacts is being missed. This latter item can be potentially very large. Looking at Table
1040 in the 1998 Statistical Abstract of the US, a 1% reduction in the amount of delay and fuel
costs in the Boston MSA would "save" an aggregate of 16.5 million dollars per year in 1993
dollars. However, it is possible that current values would be substantially higher.
A5.2.2 RELATIONSHIP BETWEEN OUTPUT, EMPLOYMENT, AND LABOR PRODUCTiVITY
As discussed in A2: Overview of REMI, a negative change in labor productivity can
result from an increase in employment and/or a decrease in output. An increase in employment
can be caused by an increase in labor intensity, which can be caused by an increase in relative
capital costs. This can be the case for the negative labor productivity changes as a result of the
Urban Ring. Since most variable inputs are capital costs, the REMI model sees the Project as a
capital intensive one, meaning that relative capital costs are high. Based on the relationship
between relative capital costs and relative labor costs, an increase in one causes a decrease in
another. In this case, relative labor costs are low. With the built-in economic relationships, the
REMI model projects higher labor intensity and higher employment. As a result, forecasted labor
productivity is lower with the Project.
This argument is supported by the trend of labor productivity changes in the
transportation and public utilities sector. In this sector, labor productivity records the largest
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negative values in the years when construction investment costs are inputted into the model. In
those years, economic relationships adopted by the REMI model calculate higher relative capital
costs, and hence lower labor costs. Following the relationships described in the previous
paragraph, labor productivity is lower.
A5.2.3 REMI AND LAND USE
The economic equations embedded in the REMI model does not account for the
relationship between economic development and land use. However, change in land use pattern is
very common for a transportation infrastructure project. Again, this shows that the REMI model
is not comprehensive enough in forecasting economic impacts of transportation infrastructure
projects.
The relationship between land use, transportation infrastructure, and economic
development is controversial. There have been different opinions on how land use patterns, and
hence they economy, are changed by a transportation infrastructure project. For example, in the
context of this study, it is very possible that the new circumferential network will stimulate
economic development along the corridor (Conservation Law Foundation, 2001). New businesses
will be found in the less developed areas, such as Somerville and Chelsea, and people will start
moving to those communities. As argued in the previous paragraph, the REMI model does not
forecast economic impacts of such change.
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A5.2.4 DEMOGRAPHIC DATA
Labor productivity and how it will be changed by the Urban Ring vary by laborers of
different age groups, occupation, and industry they are involved in. For example, it is possible
that productivity in the services sector increases more than that in the manufacturing sector. Since
many residents in Chelsea are in the manufacturing sector, Chelsea may not benefit as much as
other communities do. However, the model developed here assumes that labor productivity
change is uniform across all sectors, occupations, age groups.
A5.2 DATA / INPUT PROBLEMS
All cost estimates are obtained from the Preliminary Draft of the MIS Report. Since it is
not yet a finalized report, it is possible that some major costs are missing from the report draft.
Moreover, as discussed in A3: Data Variables, input variables used for the forecast are
not produced for REMI use; they are translated from major capital and O&M cost estimations
based on the author's judgment and other information available. Chances for errors are higher
when more stages need to be gone through when these costs are broken down into phases and
converted into REMI-usable variables. Sometimes, more than one REMI input variable may seem
to be equally good candidates for a cost component to convert into; however, each of these
variables can be linked to very different economic relationships that generate very different
results.
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A5.3 HIGHLY CONNECTED INTRA-REGIONAL FLOWS
The Greater Boston region is highly inter-connected with roads, subways, and highways.
Movements of people and goods across counties are not severely restricted, but in some instances,
the transportation network and services make it inconvenient for transit riders. Nevertheless, the
Urban Ring Project is designed to facilitate the flow of people and goods in the region. Because
of the nature of the region and the Project, it is possible that many benefits of the Urban Ring
Project "leak" to counties outside Suffolk.
A7 CONCLUSION
The REMI model is not ideal for studying the distribution of labor productivity change as
a result of the Urban Ring Project. Nonetheless, the REMI model is still useful in doing economic
forecasting, and the methodologies developed in the previous chapters to study the economic
impacts distribution as a result of shortened trip distance are still applicable. It must be pointed
out that the REMI model is good for analyzing the increase in employment, real disposable
income, or real per capita income for current residents per dollar of cost if the primary goal of the
policy is to use transportation infrastructure improvements to foster economic development.
However, if one wants to study the economic impacts caused by travel time savings, some other
economic models that are specifically designed for studying impacts of transportation projects
should be used instead.
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Table A2 Terminology Translation
MIS Report Capital Cost Component REMI Variable Timin Assumptions(Year)
Direct Construction
At-Grade Structures Variable Type; Output Block; Detailed Industry Output; Construction Sales (amount); New Non-bun Fad0tis, Nec 6 to 10 Phase 2
Below Grade Structures ...; New Non-building Facilities, Nec 11 to 15 Phase 3
Bus Transitway Aerlal Variable Type; Output Block; Detailed Industry Output; Construction Sales (amount)- Now Local Tanit aPaSs 91010 n dof Phase 2
Terminal Facilities ...; New Local Transit Facilities 11 to 15 Phase 3
Modified Green Line Extension ... ; New Local Transit Faciiies 11 to 15 Phase 3
Utility Relocations Variable Type; Output Block; Detailed Industry Output; Construction Sales (amount); New Electric Utility Facilties 11 to 15 Phase 3
Variable Type; Output Block; Detailed Industry Output; Construction Sales (amount); New Water Supply and Sewer Facilities 11 to 15 Phase 3
Variable Type; Output Block; Detailed Industry Output; Construction Sales (amount); New Gas Utility and Pipeline Facilities 11 to 15 Phase 3
Sione ...; New Local Transit Fachlities 11 to 15 Phase 3
Transportation Systems Management (TSM) ...; New Local Transit Facilities 1 to 5 Phase 1
System-wide Elements
ignals nd Control Bu l Variable Type Output Block; Detled Industry Output; Transportation and Public Ut01, Other Tansportn Sales (amount); 10 and 15 end of Phase 2 and end of Phase 3Miscellaneous Transportation Services
Rolling Stock Variable Type; Output Block; Detailed Producers' Durable Equipment Spending; Transportation Equipment Spending (amount); Trucks, 1 10 and 15 beginning of Phase 1, end of Phase 2,Buses, and Truck Trailers ' ' and end of Phase 3
Maintanence Faciltes Variable Type; Output Block; Detailed Industry Ouut Transportation and Puhlc LNt; Other Transpodation Sat" (m 1 thu 15 a phasesMiscellaneous Transportation Servces
Emergency Exit Shafts Variable Type; Output Block; Detailed Industry Output; Transportation and Public Utilities; Other Transportation Sales (amount); 10 and 15 end of Phase 2 and end of Phase 3Miscellaneous Transportation Services
Impacts and Mitigations
Study Type; Environmental Pocios; New Pederal PM2.5 and Ozone Standards; Costs1 tonuhdespfor the Adtional Inpts; Taf C 1 5 Phase 1of Additional inputs (al Industdies except electd udlies); Producton Cost (amount); Agdiulture, Forestry, and Fish Services
Vibration Control ... Construction 1 to 5
Hazardous Maa..; Chemicals 1to 10 Phases 1 and2
R.O.W. Acquisitions
Track Areas Output Block; Investment Spending; Investment Spending (amount); Non-residential 1 to 3 first half of Phase 1
Non-Capital Costs
Design, Proect Administration, Construction Output Block; Detailed Industry Output; Seucs; Misceligneous Professin Services Sales (amount); Enginsern and Archiectural
Management and Ins Services 1 to 15 all Phases
Supporting Elements Study Type; Transportation; High Speed Rail; Program Implementation; Testing and Early Operations; Miscellaneous Professional 1 to 15 a PhasesServices Sales (amount); Engineerng and Architectural Services
IU
cc
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Appendix 1
Comparing Results from Two Data Sets
Each Neighborhood's Fraction of All "Distance" Avg. "Distance" Saved to a
Saved (Wes(i)) (1) Commuter (meters)
Scenario A: Benefits on Scenario B: Benefits on % of AllAll Commuters Transit Riders Workers Scenario A: Scenario B:Data Source Data Source (2) Benefits on All Benefits on
Census + Census + Commuters Transit Riders
NEIGHBORHOOD CTPP CTPS CTPP CTPS
EAST BOSTON 1.54% 1.22% 1.47% 1.51% 4.54% 395 358
CHARLESTOWN 1.23% 1.04% 0.89% 1.01% 2.71% 565 486
SOUTH BOSTON 2.83% 3.92% 2.80% 3.98% 4.37% 777 897
CENTRAL 0.32% 0.33% 0.40% 0.25% 3.80% 97 191
BACK BAY/BEACON HILL 2.78% 3.55% 3.04% 2.72% 5.10% 651 1,085
SOUTH END 5.31% 5.42% 5.96% 5.70% 5.24% 1,183 1,486
FENWAY/KENMORE 6.78% 7.41% 8.18% 7.74% 5.60% 1,436 1,923
ALLSTON/BRIGHTON 19.55% 19.25% 25.00% 23.98% 12.49% 1,798 2,177
JAMAICA PLAIN 9.51% 8.64% 10.46% 9.60% 6.40% 1,738 1,990
ROXBURY 8.82% 8.46% 9.59% 10.17% 6.33% 1,595 1,727
NORTH DORCHESTER 3.61% 3.59% 3.35% 3.79% 3.42% 1,197 1,277
SOUTH DORCHESTER 7.95% 7.90% 7.09% 7.41% 8.25% 1,104 1,246
MATTAPAN 6.54% 5.43% 6.66% 5.44% 4.76% 1,607 1,916
ROSLINDALE 5.45% 5.27% 4.63% 4.66% 4.62% 1,357 1,523
WEST ROXBURY 4.22% 5.03% 2.03% 2.55% 4.64% 1,054 1,174
HYDE PARK 3.03% 4.45% 2.11% 3.06% 4.81% 722 859
CHELSEA 2.52% 2.64% 1.91% 1.95% 3.59% 799 985
REVERE 5.46% 4.50% 3.08% 2.97% 6.19% 1,019 1,031
WINTHROP 2.55% 1.96% 1.35% 1.53% 3.14% 971 783
1_ i 100.00% 100.00% 100.00% 100.00% 100.00%_
Note:
(1) Distance is weighted by road type.
Zero values are assigned to distance saved for peripheral trips.
(2) Total Number of Workers in Suffolk County who do not work at Home: 333,729.
Source: 1990 CTPP Data.
Source:
Results from author's computation.
CTPP data from US Dept. of Transportation: 1990 Census Transportation Planning Package.
Cesnsu data from US Bureau of the Census: 1990 Census data.
CTPS data from Central Transportation Planning Staff.
APPENDIX 2
LIST OF NEIGHBORHOODS i AND WORK ZONESj
NEIGHBORHOOD WORK ZONE NAME
1 1 East Boston
2 2 harlestown
3 3 South Boston
4 4 Central
5 5 Back Bay/Beacon Hill
6 6 South End
7 7 Fenway/Kenmore
8 8 llston/Brighton
9 9 Jamaica Plain
10 10 Roxbury
11 11 North Dorchester
12 12 South Dorchester
13 13 Mattapan
14 14 Roslindale
15 15 West Roxbury
16 16 Hyde Park
17 17 Chelsea
18 18 Revere
19 19 Winthrop
20 Brookline
21 ambridge
22 Everett
23 Somerville
99 Others
Appendix 3 Technical Notes: Work steps to Organize CTPP Data into
Useable Format
Since the scale of Census Transportation Planning Package (CTPP) data is disaggregated
at census tract level, but scale of my analysis is at neighborhood level, it is necessary to match the
tract numbers from CTPP data with their corresponding neighborhoods. This is done by using
ArcView's "Select By Theme" function. All tracts within a neighborhood are selected and assigned
and each is assigned an identification number (ID) the neighborhood it belongs to. By doing this, a
table of tract numbers and their corresponding neighborhood ID is created. Only census tracts in
Suffolk County or in the other four Urban Ring cities (Brookline, Cambridge, Everett, and
Somerville) are assigned neighborhood ID.
Transportation data from the CTPP CD-ROM are transformed into MySQL database. Only
data needed in this study are selected so that data tables are small enough for easy manipulation.
This is done through several steps in MS Access:
STEP 1:
A smaller table, named [smaller2 msa5od9o], that contains work trip data with origin in Suffolk
County tracts only is created. All records in the [Neigh-tract] table and only those from [msa5od90]
where the two fields are equal are joined by "TAZTRR".
SQL text::
SELECT Msa5od9O.*, Neigh_tract.NEIGHID as TAZTRR_n
FROM Neightract LEFT JOIN Msa5od9O ON Neigh-tract.TRACT =
Msa5od9O . TAZTRR
21778 rows are yielded.
Here, the basic assumption is, all residents of Suffolk County and the Urban Ring Cities are
subjects of concern because I project productivity distribution by residents.
STEP 2
TAZTRW is assign ID to.
In the table created in Step 1, only TAZTRR is matched with a neighborhood ID; no neighborhood
ID is assigned to TAZTRW. This step assigns a neighborhood ID to the TAZTRW.
All records in "Neigh-tract" and only those from "msa5od90" where the two fields are equal are
joined by "TAZTRR"
SQL text::
SELECT SMALLER2.*, Neigh_tract.NEIGHID as TAZTRW_n
FROM SMALLER2 LEFT JOIN Neigh-tract ON SMALLER2.TAZTRW =
Neigh~tract . TRACT
Again, 21778 rows are yielded. This is a required condition, because number of rows yielded in
Step 1 must equal to the number of rows yielded in Step 2.
Some TAZTRW are blank, meaning that tracts by place of work is neither in Suffolk County nor in
the other four Urban Ring cities. Neighborhood ID "99" is assigned to these blank TAZTRW cells.
Because it is rather complicated to assign neighborhood ID to the blank cells in MS Access, this is
done in MS Excel.
The new table with neighborhood ID "99" assigned to the blank TAZTRW tracts, named
[TAZTRWN2] are then imported into MS Access.
STEP 3:
This step queries the number of residence - work trips made by commuters from TAZTRR ito
TAZTRW j:
SQL text:
SELECT
TAZTRWN2 . TAZTRRN, TAZTRWN2 . TAZTRWN, sum (TAZTRWN2 .U3 01_0101) as
Commuters
FROM TAZTRWN2
group by TAZTRWN2 . TAZTRRN, TAZTRWN2 . TAZTRW_N
This query yields total Number of Commuters whose places of residence are in Suffolk County
and other Ring cities is 447,9231 number of transit riders who places of residences are in Suffolk
County is 312,007.
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A Crosstab query is created to show the Origin-Destination (O-D) distribution for all commuters:
TRANSFORM Sum(TAZTRWN2.U301_0101) AS [The Value]
SELECT TAZTRWN2.TAZTRWN, Sum(TAZTRWN2.U301_0101) AS
FROM TAZTRWN2
GROUP BY TAZTRWN2 . TAZTRW_N
PIVOT TAZTRWN2 .TAZTRR_N
[Total Of U301_0101]
STEP 4
A second query is done for transit riders only. It queries the number of residence - work trips
made by transit riders from TAZTRR ito TAZTRW j:
SQL text:
SELECT DISTINCTROW
[TAZTRWN2] . [TAZTRRN],
[TAZTRWN2] . [TAZTRWN],
Sum([TAZTRWN2].[U301_0110) AS 0110,
Sum( [TAZTRWN2] .[U301_0111]) AS 0111,
Sum( [TAZTRWN2] . [U301_0112]) AS 0112,
Sum( [TAZTRWN2] . [U301_0113]) AS 0113,
Sum( [TAZTRWN2] .[U301_0114]) AS 0114
FROM TAZTRWN2
GROUP BY [TAZTRWN2] . [TAZTRRN], [TAZTRWN2] . [TAZTRWN]
U301_0110 through U301_0114 is summed up to get the total; total number of transit riders whose
places of residence are in Suffolk County and other Ring cities is 131,461; number of transit riders
who places of residences are in Suffolk County is 96,569.
Crosstab is generated to show the O-D distribution for private vehicle commuters;
TRANSFORM Sum(PRIVATE11.PRIVATE) AS [The Value]
SELECT PRIVATE11.TAZTRWN, Sum(PRIVATE11.PRIVATE) AS [Total Of PRIVATE]
FROM PRIVATE11
GROUP BY PRIVATE11.TAZTRW_N
PIVOT PRIVATE11.TAZTRR_N
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Glossary:
Msa5od9O
Neigh-tract
NEIGHID
TRACT
TAZTRR
TAZTRW
TAZTRWN2.
U301_0110
U301_0111
U301_0112
U301_0113
U301_0114
U301_0101
Name of original table from CTPP CD-ROM transformed to MySQL
database. Contains all transportation data for Boston, MA area.
Name of table created from ArcView. Matches neighborhood ID with
tract numbers.
Name of field in Neigh-tract table. . Refers to neighborhood ID.
Name of field in Neigh-tract table. Refers to tract number.
Name of field in Msa5od90 table. Refers to place of residence by
Traffic Analysis Zone (TAZ).
Name of field in Msa5od9O table. Refers to place of work by TAZ.
Name of field in Msa5od9O table. Refers to the total number of
workers who do no work at home.
Name of field in Msa5od9O table. Refers to the total number of
workers who use bus or trolley bus.
Name of field in Msa5od9O table. Refers to the total number of
workers who use streetcar or trolley car.
Name of field in Msa5od9O table. Refers to the total number of
workers who use subway or elevated.
Name of field in Msa5od9O table. Refers to the total number of
workers who use railroad.
Name of field in Msa5od9O table. Refers to the total number of
workers who use ferryboat.
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Appendix 4
Distance Saved for Trip i-j
Not Assigning Zero Values to Distance Saved for Peripheral Trips
d(1,j) To
a W 0
0 z itI
0 0 0
From 0 2 MI
EAST BOSTON - 512 377 319 - - - 473 59 178 364 364 185 62 - 185 4,612 4,731 4,271 - 1,077 3,599 1,387 0
CHARLESTOWN 512 - 240 - 275 849 1,998 816 54 240 240 61 124 1,093 61 3,844 3,491 956 1,223 2,603 4,701 3,312 0
SOUTH BOSTON 377 240 - 160 1,390 2,366 2,176 1,833 2,985 3,104 3,290 3,290 3,111 2,988 2,779 3,111 364 364 364 2,779 1,100 462 425 0
CENTRAL 319 - 160 - - - - 313 - - 160 160 - - - 1,457 1,184 712 - 918 1,629 1,148 0
BACK BAY/BEACON HILL - 275 1,390 - - 809 2,495 3,130 2,450 2,241 1,390 1,390 1,765 2,450 2,575 2,038 774 422 - 2,706 2,811 1,595 1,570 0
SOUTH END - - 2,366 - 809 - 3,435 3,064 4,244 4,328 2,781 2,587 3,852 4,246 4,037 3,852 336 63 - 4,037 2,583 963 1,308 0
FENWAY/KENMORE - 849 2,176 - 2,495 3,435 - 5,457 5,548 4,867 3,320 2,945 4,391 5,307 5,777 4,895 681 328 5,834 4,289 2,169 3,014 0
ALLSTON/BRIGHTON 473 1,998 1,833 313 3,130 3,064 5,457 - 5,606 4,417 2,871 2,496 3,941 4,915 5,883 4,503 1,284 1,284 473 6,014 5,439 3,319 4,164 0
JAMAICA PLAIN 59 816 2,985 - 2,450 4,244 5,548 5,606 - 5,676 4,129 3,754 5,200 6,116 5,909 5,704 339 101 59 5,905 4,256 2,136 2,981 0
ROXBURY 178 54 3,104 - 2,241 4,328 4,867 4,417 5,676 - 4,213 3,838 5,283 5,678 5,469 5,283 364 178 178 5,469 3,070 950 1,795 0
NORTH DORCHESTER 364 240 3,290 160 1,390 2,781 3,320 2,871 4,129 4,213 - 3,873 3,737 4,132 3,923 3,737 364 364 364 3,923 1,842 462 567 0
SOUTH DORCHESTER 364 240 3,290 160 1,390 2,587 2,945 2,496 3,754 3,838 3,873 - 3,694 3,757 3,548 3,694 364 364 364 3,548 1,374 462 425 0
MATTAPAN 184 61 3,111 - 1,765 3,852 4,391 3,941 5,200 5,283 3,737 3,694 - 5,202 4,993 4,807 364 185 184 4,993 2,594 474 1,319 0
ROSLINDALE 62 124 2,988 - 2,450 4,246 5,307 4,915 6,116 5,678 4,132 3,757 5,202 - 5,909 5,704 339 61 62 5,905 3,564 1,444 2,289 0
WEST ROXBURY - 1,093 2,779 - 2,575 4,037 5,777 5,883 5,909 5,469 3,923 3,548 4,993 5,909 - 5,498 434 378 - 5,705 4,533 2,413 3,258 0
HYDE PARK 185 61 3,111 - 2,038 3,851 4,895 4,503 5,704 5,283 3,737 3,694 4,807 5,704 5,498 - 364 184 184 5,498 3,156 1,036 1,881 0
CHELSEA 4,612 3,844 364 1,457 774 336 681 1,284 339 364 364 364 364 339 434 364 8,721 6,186 509 1,889 7,943 2,906 0
REVERE 4,731 3,491 364 1,184 422 63 328 1,284 101 178 364 364 185 61 378 184 8,721 - 6,305 509 1,889 8,211 3,174 0
WINTHROP 4,271 956 364 712 - - - 473 59 178 364 364 184 62 - 184 6,186 6,305 - - 1,077 5,056 1,387 0
Assigning Zero Values to Distance Saved for Peripheral Trips
dli,0) To
z6
0 W0 zi0I
CHRETWO1 
- 24 --- 84 1,901 4 20 20 6 2 ,9 1 384 ,9 5 ,2 ,0 ,0 ,1SOT BSON37 4 10 1,9 236 ,7 183 ,85 310 ,90 329o,11 2,80,79 3,1034 36 6 279 ,00 4202CNRL39 - ~ 16 0 - - 313 -) - 16 160 4 - 0 - ,50,8 1 -01 ,2 1,40
0 -U
BAK AYBECO HLL- 75 1,9 - - 09 2,95 3,30 2,50 2,4 1,39 10 1,6 450 2,71,3 7 2 ,0 21 1,9 ,7
ALo N 4 1 10 5,0 4 2 4 1 1__ __ __ _ __ _ 0 0 M0
EAST BOSTON 1 512 377 319 2 4 4 47  59 178 3 4 3 4 185 62 185 - 4,731 4,271 - 1,077 3 599 ,387 0
CHARLESTOWN 512 240 275 - 849 1,998 816 54 240 240 1 124 1,03 61 3,844 3,491 956 1,223 2,603 4,701 3,312 0
SOUTH BOSTON 377 240 3 160 1,390 2,366 2,176 1,833 2,985 3,104 3,290 3,290 3,111 2,988 2,779 3,111 364 364 364 2,779 1,100 462 425 0
CENTRAL 319 1 160 - 1 3 4 313 5,0 160 160 - - - 1,457 1,184 712 4 918 1,629 1,148 0BACK BAY/BEACON HILL . 275 1,390 - 8 09 2,495 3,130 2,450 2,241 1,390 1,390 1,765 2,450 2,575 2,038 774 422 . 2,706 2,811 1,595 1,570 0
SOUTH END 6 1 2,366 - 809 3,435 3,04 4244 4,328 2,781 2,587 3,852 4,246 4,037 3,852 336 63 6 4,037 2,583 963 1,308 0FENWAY/KENMORE . 849 2,176 . 2,495 3,435 . 5,457 5,548 4,867 3,320 2,945 4,391 5,307 5,777 4,895 681 338 - 5,8534 4,289 2,169 3,014 0
ALISTON/BRIONTON 473 1,998 1,833 313 3,130 3,064 5,457 - 5,606 4,417 2,871 2,496 3,941 4,915 5,88 4,503 1,284 1,284 473 6,014 5,439 3,319 4,184 0
JAMAICA PLAIN 59 816 2,985 - 2,450 4,244 5,548 5,606 5,676 4,129 3,754 5,200 339 101 59 5,905 4,256 2,136 2,981 0
ROXBURY 178 54 3,104 - 2,241 4,328 4,867 4,417 5,676 4,213 3,838 - - 364 178 178 5,469 3,070 950 1,795 0
NORTH DORCHESTER 384 240 3,290 160 1,390 2,781 3,320 2,871 4,129 4,213 3 3 3,737 4,132 34 34 364 3,923 1,842 4 3 567 0SOUTH DORCHESTER 364 240 3,290 160 1,390 2,587 2,945 2,496 3,754 3,838 - . 3,757 . 364 364 384 3,548 1,374 462 425 0
MATTAPAN 184 61 3,111 - 1,765 3,8152 4,391 3,941 5,200 - 3,737 - . 364 185 184 4,993 2,594 474 1,319 0
ROSLINDALE 62 124 2,988 . 2,450 4,246 5,307 4,915 - 4,132 3,757 - . 339 61 62 5,905 3,564 1,444 2,289 0
WEST ROXBURY . 1,093 2,779 . 2,575 4,037 5,777 5,883 . 434 378 - 5,705 4,533 2,413 3,258 0
HYDE PARK 185 61 3,111 . 2,038 3,851 4,895 4,503 . 364 184 184 5,498 3,156 1,036 1,881 0
CHELSEA - 3,844 384 1,457 774 336 681 1,284 339 364 364 364 364 339 434 384 - 6,186 509 1,889 7,943 2,906 0
REVERE 4,731 3,491 364 1,184 422 63 328 1,284 101 178 364 364 185 61 378 184 - - 6,305 509 1,889 8,211 3,174 0
WINTHROP 4,271 956 364 712 - - - 473 59 178 364 364 184 62 - 184 6,186 6,305 - - 1,077 5,056 1,387 0
Source: based on author's calculation.
Distance found with Network Analyst Extension, ArcView v.3.2, ESRI
Road layer prepared by ESRI (1998).
Appendix 5
Origin - Destination Distribution
All Commuters To
z z z
z O
0= .~o Z IL 0j ca I
O- 
- -JuJ 0U) z 0 4O 40 0~2 ~
c o 0 to0
a' ca -j 0 0
Frm 0 to Lu 0 8Jj LU j r 4 0 00 00 4 0 to >- X to - 8From __ __ to 0 to 0 too u .4 -2 M zo Mo 0 2 M 0 x to 8~ aEAST BOSTON 0,85% 0.08% 0,20% 1.07% 0.13% 0 08% 0.04% 0.10% 0.09% 0.16% 003% 0.06% 0.04% 0.05% 0.02% 0.06% 0.18% 0.10% 0.07% 0.02% 0.19% 0.03% 0.06% 0.80% 4.52%
CHARLESTOWN 0.04% 0.36% 0.08% 0.65% 0.16% 0.04% 0.08% 0.10% 0.07% 0.01% 0.01% 0.03% 0.00% 0.01% 0.03% 0.03% 0.03% 0.01% 0.00% 0.02% 0.18% 0.02% 0.09% 0.50% 2.54%
SOUTH BOSTON 0.05% 0.03% 0.93% 115% 0.21% 0.13% 0.15% 0.13% 0.16% 0.10% 0.07% 0.07% 0.02% 0.02% 0.03% 0.03% 0.01% 0.01% 0.02% 0.06% 0.13% 0.01% 0.01% 0.68% 4.23%
CENTRAL 0.09% 0.03% 0.11% 2.03% 0.25% 0.08% 0.12% 0.05% 0.04% 0.02% 0.03% 0.02% 0.01% 0.01% 0.01% 0.02% 0.01% 0.02% 0.01% 0.02% 0.26% 0.01% 0.02% 0.63% 3.89%
BACK BAY/BEACON HILL 0.06% 0.04% 0.10% 1.32% 1.35% 0.12% 0.23% 0.11% 0.08% 0.06% 0.04% 0.03% 0.02% 0.02% 0.02% 0.04% 0.01% 0.01% 0.00% 0.05% 0.44% 0.00% 0.02% 0.78% 4.96%
SOUTH END 0.06% 0.06% 0.18% 1.03% 0.55% 0.91% 0.25% 0.12% 0.17% 0.25% 0.05% 0.08% 0.04% 0.04% 0.04% 0.05% 0.01% 0.02% 0.00% 0.07% 0.35% 0.01% 0.04% 0.83% 5.22%
FENWAY/KENMORE 0.03% 0.02% 0.09% 0.89% 042% 0.09% 2.02% 0.30% 0.16% 0.05% 0.04% 0.07% 0.01% 0.02% 0.03% 0.04% 0.01% 0.01% 0.03% 0.12% 0.43% 0.00% 0.02% 0.58% 5.49%
ALLSTON/BRIGHTON 0.10% 0.08% 0.24% 2.95% 0.85% 0.24% 0.73% 1.58% 0.37% 0.09% 0.07% 0.09% 0.01% 0.03% 0.11% 0.04% 0.01% 0.01% 0.01% 0.58% 1.07% 0.01% 0.14% 3.25% 12.64%
JAMAICA PLAIN 0.05% 0.07% 0.15% 1.41% 0.40% 0.24% 0.49% 0.20% 1.12% 0.19% 0.07% 0.08% 0.04% 0.03% 0.04% 0.05% 0.03% 0.01% 0.00% 0.18% 0.39% 0.01% 0.04% 1.07% 6.35%
ROXBURY 0.12% 0.08% 0.22% 1.51% 0.39% 0.25% 0.39% 0.28% 0.32% 0.66% 0.10% 0.15% 0.10% 0.07% 0.11% 0.12% 0.02% 0.03% 0.00% 0.10% 0.31% 0.02% 0.03% 1.05% 6.42%
NORTH DORCHESTER 0.03% 003% 0.16% 0.75% 0.22% 0.13% 0.17% 0.13% 0.17% 0.11% 0.33% 0.13% 0.02% 0.04% 0.04% 0.04% 0.01% 0.02% 0.00% 0.03% 0.20% 0.01% 0.03% 0.71% 3.51%
SOUTH DORCHESTER 0.14% 0.07% 0.41% 1.48% 0.55% 0.31% 0.44% 0.28% 043% 0.28% 0.30% 0.82% 0.12% 0.08% 0.12% 0.11% 0.02% 0.07% 0.01% 0.10% 0.41% 0.01% 0.06% 1.74% 8.37%
MATTAPAN 0.07% 0.05% 0.13% 0.82% 0.28% 0.25% 0.34% 0.21% 0.39% 0.17% 0.08% 0.12% 0.21% 0.07% 0.06% 0.06% 0.00% 0.03% 0.00% 0.08% 0.24% 0.01% 0.05% 1.00% 4.73%
ROSLINDALE 0.04% 0.04% 0.08% 0.76% 0.22% 0.20% 0.37% 0.14% 0.38% 0.12% 0.03% 0.07% 0.02% 0.23% 0.19% 0.09% 0.01% 0.01% 0.01% 0.13% 0.23% 0.01% 0.02% 1.27% 4.66%
WEST ROXBURY 0.02% 0.03% 0.12% 1.10% 0.19% 0.12% 0.20% 0.16% 0.20% 0.06% 0.04% 0.01% 0.01% 0.08% 0.35% 0.06% 0.02% 0.01% 0.00% 0.13% 0.13% 0.01% 0.03% 1.56% 4.66%
HYDE PARK 002% 0.05% 0.14% 1.47% 0.11% 0.12% 0.10% 0.20% 0.17% 0.09% 0.05% 0.08% 0.04% 0.07% 0.10% 0.42% 0.03% 0.01% 0.00% 0.06% 0.19% 0.01% 0.02% 1.32% 4.88%
CHELSEA 0.15% 0.04% 0.08% 0.50% 0.13% 0.03% 0.08% 0.07% 0.04% 0.03% 0.01% 0.03% 0.01% 0.02% 0.03% 0.04% 1.12% 0.09% 0.03% 0.02% 0.19% 0.12% 0.05% 074% 3.66%
REVERE 0.42% 0.04% 0.11% 0.84% 0.16% 0.12% 0.22% 0.09% 0.18% 0.04% 0.08% 0.06% 0.02% 0.02% 0.00% 0.02% 0.28% 1.21% 0.11% 0.04% 0.28% 0.16% 0.09% 1.65% 6.23%
WINTHROP 030% 002% 0.08% 0.55% 0.11% 0.10% 0.11% 0.07% 0.05% 0.03% 0.00% 0.03% 0.01% 0.01% 0.01% 0.01% 0.07% 0.07% 0.71% 0.02% 0.12% 0.03% 0.04% 0.51% 3.05%
Total 2.64% 123% 3.61% 22.27% 6.68% 3.58% 6.53% 4.32% 4.59% 2.54% 1.43% 2.06% 0.74% 0.92% 1.33% 1.31% 1.87% 1.76% 1.01% 1.81% 5.73% 0.49% 0.84% 20.69% 100.00%
[Total Number of Commuters Residing In Suffolk County 312.007
Transit Riders Only To
z Lu0 MJ
O O0 0
z z4zz22-
0 to Z
S 0 toe -j
to0 - Z IL 1
-o <o w 0 Ato 0. X z CL Lu Ou V z~to j to~ - I Z1 o--.t
0 Zu - 0 to -j 4 0 0 0 0 0 Lu - 9From o ca to r0 uot . 4 M -2 M zo to 0 M ?: M 0 t 8 5 u
EAST BOSTON 0.36% 0.11% 0.31% 2.26% 0.27% 0.14% 0.08% 0.17% 0.14% 0.31% 0.07% 0.14% 0.06% 0.08% 0.04% 0.11% 0.23% 0.05% 002% 0.03% 0.35% 0.02% 0.10% 0.39% 5.84%
CHARLESTOWN 0.05% 0.09% 0.08% 1.17% 0.25% 0.05% 0.11% 0.14% 0.07% 0.01% 0.03% 0.05% 0.00% 0.00% 0.05% 0.05% 0.01% 0.00% 0.00% 0.04% 0.13% 0.02% 0.03% 0.17% 2.62%
SOUTH BOSTON 0.04% 0.06% 033% 1.91% 0.31% 0.18% 0.20% 0.13% 0.21% 0.11% 0.05% 0.06% 0.00% 0.03% 0.05% 0.04% 0.00% 0.01% 0.00% 0.06% 0.21% 0.00% 0.01% 0.44% 4.45%
CENTRAL 0.18% 0.06% 0.13% 0.49% 0.51% 0.06% 0.26% 0.06% 0.07% 0.04% 0.05% 0.05% 0.01% 0.03% 0.02% 0.03% 0.00% 0.02% 0.00% 0.05% 0.43% 0.01% 0.03% 0.40% 3.00%
BACK BAY/BEACON HILL 0.11% 0.03% 0.17% 1.46% 0.23% 0.04% 0.24% 0.15% 0.15% 0.04% 0.07% 0.03% 0.03% 0.04% 0.02% 0.07% 0.00% 0.00% 0.00% 0.07% 0.63% 0.00% 0.04% 0.37% 4.00%
SOUTH END 0.13% 0.12% 0.29% 1.96% 0.22% 0.14% 0.30% 0.20% 029% 0.32% 0.06% 0.11% 0.03% 0.09% 0.06% 0.06% 0.01% 0.04% 0.01% 0.08% 0.62% 0.00% 0.04% 0.55% 5.71%
FENWAY/KENMORE 0.08% 0.04% 0.19% 2.19% 0.45% 0.11% 0.35% 0.42% 0.18% 0.10% 0.09% 0.18% 0.04% 0.01% 0.07% 0.10% 0.00% 0.01% 0.01% 0.17% 0.69% 0.00% 0.03% 0.56% 6.06%
ALLSTON/BRIGHTON 0.14% 0.08% 0.40% 6.26% 1,79% 0.39% 1.31% 0.81% 0.63% 0.12% 0.08% 0.10% 0.01% 0.00% 0.11% 0.06% 0.01% 0.02% 0.00% 0.73% 1.54% 0.00% 0.10% 1.67% 1636%
JAMAICA PLAIN 0.09% 0.11% 0.23% 2.48% 0.71% 0.39% 0.65% 0.25% 0.59% 0.23% 0.06% 0.14% 0.02% 0.04% 0.06% 0.07% 0.04% 0.01% 0.00% 0.21% 0.51% 0.02% 0.04% 0.54% 7.49%
ROXBURY 0.16% 0.15% 0.23% 2.62% 0.62% 0.35% 0.62% 0.24% 0.45% 0.34% 0.18% 0.16% 0.08% 0.08% 0.15% 0.10% 0.00% 0.05% 0.00% 0.09% 0.46% 0.01% 0.07% 0.70% 7.92%
NORTH DORCHESTER 0.05% 0.04% 0.14% 1.32% 0.32% 0.17% 0.22% 0.13% 0.19% 0.08% 0.08% 0.14% 0.01% 0.06% 0.06% 0.06% 0.01% 0.01% 0.00% 0.01% 0.29% 0.03% 0.01% 0.29% 3.73%
SOUTH DORCHESTER 0.13% 0.10% 0.40% 2.34% 070% 0.42% 0.54% 0.25% 0,51% 0.15% 0.20% 0.26% 0.12% 0.11% 0.11% 0.08% 0.00% 0.11% 0.00% 0.07% 0.65% 0.00% 0.04% 0.82% 8.11%
MATTAPAN 0.11% 0.08% 0.10% 1.28% 0.40% 0.35% 0.46% 0.23% 0.53% 0.11% 0.08% 0.11% 0.04% 0.08% 0.07% 0.04% 0.00% 0.05% 0.00% 0.09% 0.21% 0.02% 0.10% 0.42% 4.95%
ROSLINDALE 0.01% 0.04% 0.13% 1.49% 0.34% 0.24% 0.37% 0.13% 0.30% 0.13% 0.03% 012% 0.03% 0.06% 0.10% 0.08% 0.01% 0.01% 0.00% 0.06% 0.21% 0.02% 0.00% 0.42% 4.33%
WEST ROXBURY 0.01% 0.02% 0.10% 1.22% 0.27% 0.10% 0.14% 0.06% 0.08% 0.02% 0.00% 0.00% 0.00% 0.04% 0.02% 0.04% 0.00% 0.00% 0.00% 0.01% 0.04% 0.00% 0.01% 0.27% 2.46%
HYDE PARK 0.02% 0.06% 0.12% 1.87% 0.21% 0.16% 0.07% 0.11% 0.07% 0.05% 0.02% 0.05% 0.01% 0.04% 0.04% 0.08% 0.01% 0.00% 0.00% 0.02% 0.19% 0.00% 0.01% 0.29% 350%
CHELSEA 010% 0.02% 0.12% 0.90% 0.19% 0.03% 0.11% 0.08% 0.05% 0.05% 0.00% 0.05% 0.01% 0.05% 0.05% 0.08% 0.24% 0.06% 0.02% 0.00% 0.21% 0.03% 0.00% 0.29% 2.76%
REVERE 0.26% 0.04% 0.08% 1.63% 0.31% 0.15% 0.25% 0.09% 0.25% 0.02% 0.05% 0.11% 0.02% 0.03% 0.01% 0.03% 0.08% 0.18% 0.00% 0.04% 0.22% 0.02% 0.01% 0.38% 4.25%WINTHROP 010% 000% 008% 118% 015% 016% 0.12% 0.11% 0.08% 0.02% 0.00% 0.04% 0.00% 0.00% 0.02% 0.03% 0.04% 0.04% 0.08% 0.02% 0.08% 000% 000% 010% 2.46%
Total 2.14% 1 27% 3.65% 36.05% 8.25% 3.63% 6.42% 3.78% 4.85% 2.25% 1.20% 1.90% 0.52% 0.86% 112% 1.22% 0.68% 0.67% 0.15% 1.84% 7.65% 0.19% 0.66% 9.06% 100.00%
ITotal Number of Transt RIders Residing In Suffolk County 96,569
Source: calculated from Census Transportation Planring Package (1990).
Appendix 6
Percentage of Commuters to Leave their Neighborhoods
(where Origin and Destination Neighborhoods are Different)
NEIGHBORHOOD All Commuters Transit Riders
EAST BOSTON 81.2% 93.8%
CHARLESTOWN 85.8% 96.5%
SOUTH BOSTON 78.0% 92.6%
CENTRAL 47.8% 83.5%
BACK BAY/BEACON HILL 72.7% 94.4%
SOUTH END 82.5% 97.6%
FENWAY/KENMORE 63.2% 94.2%
ALLSTON/BRIGHTON 87.5% 95.1%
JAMAICA PLAIN 82.4% 92.1%
ROXBURY 89.8% 95.7%
NORTH DORCHESTER 90.7% 97.7%
SOUTH DORCHESTER 90.1% 96.8%
MATTAPAN 95.5% 99.2%
ROSLINDALE 95.0% 98.7%
WEST ROXBURY 92.6% 99.2%
HYDE PARK 91.4% 97.8%
CHELSEA 69.3% 91.3%
REVERE 80.6% 95.7%
WINTHROP 76.8% 96.8%
Source: calculated from Census Transportation Planning Package (1990).
Appendix 7
Passenger-Miles Savings,
Using CTPP Ridership Data,
Assuming All Commuters Benefit Regardless of Transportation Mode (Scenario A),
Assigning Zero Values to Peripheral Trips
dij x Nij (passenger-miles, in '000 meters) -- Assumes Only Transit Riders Benefit
To
X Im
0 0 z o m o < , 
0 J > Z Z a. _j -
z X a., z ~ a
cc~~ D
2 
z wLU~U M CL C.) r0C=. 4 , ~ ZO CD~Z 0~I
From 0 LI ~ w 0 w 4 0 00 00 C L > z E LU C2__ _ _ _
EAST BOSTON - 134 239 1,060 - - - 144 16 89 39 71 24 9 - 33 - 1,481 969 - 634 385 240 - 5,567 1.54% 17CHARLESTOWN 60 - 58 - 140 - 213 598 176 2 8 26 0 5 87 5 304 66 8 76 1,471 249 921 4,472 1.23% 18SOUTH BOSTON 56 21 - 573 893 992 1,031 730 1,481 1,012 760 747 171 203 292 246 16 16 19 508 448 18 18 - 10,250 2.83% 13
CENTRAL 87 - 53 - - - - 50 - - 14 12 - - - - 55 59 11 - 741 31 64 - 1,178 0.32% 19BACK BAY/BEACON HILL - 32 423 - 315 1,786 1,058 610 435 177 142 86 152 167 275 25 15 - 422 3,835 13 102 10,069 2.78% 14SOUTH END - - 1,325 - 1,388 - 2,655 1,192 2,249 3,419 439 649 470 552 464 616 10 5 - 840 2,802 29 145 - 19,251 5.31% 9
FENWAYIKENMORE - 60 638 - 3,243 979 - 5,162 2,835 832 455 621 162 371 468 597 11 12 - 2,135 5,756 26 226 - 24,592 6.78% 5ALLSTON/BRIGHTON 149 496 1,380 2,874 8,255 2,259 12,485 - 6,425 1,263 609 676 130 437 1,989 581 54 45 11 10,825 18,084 70 1,786 - 70,882 19.55% 1JAMAICA PLAIN 9 172 1,367 - 3,064 3,170 8,405 3,515 - 3,343 846 984 629 - - - 31 4 1 3,254 5,239 51 370 - 34,455 9.51% 2
ROXBURY 69 13 2,086 - 2,696 3,427 5,986 3,900 5,698 - 1,310 1,850 - - - - 24 17 - 1,674 2,984 51 171 - 31,957 8.82% 3
NORTH DORCHESTER 39 25 1,648 373 940 1,162 1,727 1,157 2,242 1,454 - - 284 508 - 7 17 - 314 1,126 16 48 - 13,087 3.61% 11SOUTH DORCHESTER 157 51 4,221 737 2,377 2,523 4,065 2,206 5,061 3,412 - - - 969 - 23 85 10 1,061 1,767 18 76 - 28,818 7.95% 4
MATTAPAN 38 9 1,232 - 1,544 2,966 4,672 2,538 6,323 - 975 - - - - - 19 1 1,223 1,940 14 194 - 23,690 6.54% 6ROSLINDALE 8 15 780 - 1,712 2,671 6,134 2,123 - - 380 834 - - - 6 2 2 2,327 2,577 42 126 - 19,740 5.45% 8WEST ROXBURY - 109 1,064 - 1,563 1,474 3,674 2,918 - - - - - 22 8 - 2,282 1,790 80 323 - 15,307 4.22% 10HYDE PARK 14 9 1,353 - 717 1,479 1,459 2,859 - - - - - - - - 32 5 2 1,083 1,859 25 94 - 10,991 3.03% 12CHELSEA - 527 92 2,261 310 36 175 268 40 38 16 35 15 18 40 40 - - 643 26 1,105 2,955 491 - 9,132 2.52% 16REVERE 6,136 457 125 3,117 213 23 229 349 58 20 87 65 11 3 4 13 - - 2,169 67 1,626 4,147 886 - 19,805 5.46% 7
WINTHROP 4,048 55 96 1,227 - - - 101 9 15 3 29 3 1 - 6 1,336 1,286 - - 420 450 165 - 9,252 2.55% 15
Total Passenger-Miles Saved to Commuters residing in Suffolk 362,494 100.00%
Appendix 8
Passenger-Miles Savings,
Using CTPP Ridership Data,
Assuming Only Transit Riders Benefit (Scenario B),
Assigning Zero Values to Peripheral Trips
dlij x Nij (passenger-miles, in '000 meters) - Assumes Only Transit Riders Benefit
To
z z Lo
0 z X,
EAS BOTON- 5 11 69Z7 8 54 24 49 10 5 0 20 0 5 4 - 32 7 3 ,1 .%1C 6 91 2 4 0 5 3 - 41 -
_j ca 0 4 0 cc xL LU COCs w
ESTH BOSTON 15 55 11 695 41 42 2 224 80 329 171 94 10 90 14 201311 - 36-17 20 72 13 - 2,019 2.8% 16
CENTRAL 54 - 21 - - - - 19 - - 8 8 - - - - - 21 - - 377 11 32 - 552 0.4% 19
BACK BAY/BEACON HILL - 8 234 - - 34 569 466 365 92 93 42 58 83 62 128 - 1 - 176 1,712 - 63 - 4,187 3.0% 11
SOUTH END - - 670 - 173 - 996 588 1,176 1,342 150 282 112 352 218 235 2 2 - 303 1,550 - 47 - 8,198 6.0% 7
FENWAY/KENMORE - 32 400 - 1,073 350 - 2,205 949 448 289 524 162 32 416 465 - 5 - 951 2,861 - 93 - 11,255 8.2% 4
ALLSTON/BRIGHTON 63 164 704 1,892 5,425 1,143 6,925 - 3,437 521 210 230 51 20 641 243 12 23 - 4,222 8,066 - 408 - 34,398 25.0% 1
JAMAICA PLAIN 5 84 863 - 1,688 1,613 3,478 1,340 - 1,254 256 499 78 - - - 15 1 - 1,193 2,077 51 101 - 14,396 10.5% 2
ROXBURY 28 8 680 - 1,351 1,450 2,910 1,034 2,458 - 729 599 - - - - - 9 - 459 1,357 7 122 - 13,200 9.6% 3
NORTH DORCHESTER 19 10 454 204 434 445 714 373 764 333 - - 45 236 - - 3 5 - 35 518 12 3 - 4,606 3.3% 9
SOUTH DORCHESTER 47 24 1,260 361 941 1,048 1,526 594 1,866 549 - - - 391 - - - 39 - 231 864 - 17 - 9,757 7.1% 5
MATTAPAN 19 5 302 - 676 1,313 1,949 891 2,641 - 280 - - - - - - 9 - 424 521 7 121 - 9,160 6.7% 6
ROSLINDALE 1 5 365 - 806 994 1,921 639 - - 103 443 - - - - 3 0 - 348 716 23 - - 6,368 4.6% 8
WEST ROXBURY - 16 281 - 667 371 803 365 - - - - - - - - - - - 80 177 - 33 - 2,792 2.0% 14
HYDE PARK 3 4 373 - 410 585 343 486 - - - - - - - - 4 - - 110 574 - 11 - 2,904 2.1% 13
CHELSEA - 85 41 1,270 143 11 72 101 16 19 - 17 4 15 21 30 - - 142 - 378 254 3 - 2,623 1.9% 15
REVERE 1,197 133 29 1,863 128 9 79 117 24 4 16 37 4 2 2 6 - - - 18 402 140 25 - 4,235 3.1% 10
WINTHROP 427 - 28 814 - - - 51 5 4 - 13 - - - 5 210 214 - - 85 - - - 1,857 1.3%17
_______________________Total Passenger-Miles Saved to Commuters residing inSuffolk 137,593 100.0%
Source: calculated from Census Transportation Planning Package (1990).
Appendix 9
Effective Distance Saved
Using Ridership Estimated with Residential and Job Location Data,
Assuming All Employed Residents Benefit Regardless of Transportation Mode (Scenario A),
Assigning Zero Values on Trip Savings to Peripheral Trips
es(ij) = d'l x n(Ij) (00 meters)
To
A- z 4 .
EAST BOSTON 0 177 325 1,754 0 0 0 424 51 76 127 135 22 7 0 47 0 1,726 523 5,394 1.2% 17CHARLESTOWN 191 0 124 0 226 0 607 1,071 420 14 50 53 4 8 194 9 770 761 70 4,573 1.0% 18
SOUTH BOSTON 226 80 0 847 1,844 1,639 2.507 1,581 2.476 1,282 1,101 1,173 361 319 796 758 117 128 43 17.278 3.9% 12CENTRAL 166 0 115 0 0 0 0 235 0 0 47 50 0 0 0 0 409 361 73 1,456 0.3% 19BACK BAY/BEACON HILL 0 107 1,349 0 0 655 3,360 3,157 2,376 1,082 544 579 240 306 862 581 292 173 0 15,663 3.5% 14
SOUTH END 0 0 2,356 0 1,287 0 4,747 3,172 4,224 2,144 1,117 1,107 537 544 1,387 1,127 130 27 0 23,906 5.4% 7
FENWAY/KENMORE 0 362 2,315 0 4,242 3,050 0 6,035 5,901 2,577 1,425 1,346 654 727 2,121 1,530 282 148 0 32,714 7.4% 5ALLSTON/BRIGHTON 810 1,901 4,350 4,738 11,873 6,071 17,979 0 13,304 5,217 2,747 2,545 1,309 1,502 4,819 3,140 1,185 1,289 159 84,939 19.2% 1
JAMAICA PLAIN 52 398 3,629 0 4,760 4,308 9,366 7,087 0 3,435 2,025 1,962 885 0 0 0 160 52 10 38,128 8.6% 2
ROXBURY 155 26 3,732 0 4,307 4,344 8,125 5,522 6,824 0 2,043 1,983 0 0 0 0 170 90 30 37,352 8.5% 3
NORTH DORCHESTER 171 63 2,135 663 1,442 1,507 2,992 1,937 2,680 1,361 0 0 339 345 0 0 92 100 34 15,860 3.6% 13
SOUTH DORCHESTER 412 151 5,159 1,601 3,484 3,387 6,412 4,068 5,886 2,995 0 0 0 759 0 0 222 241 81 34,859 7.9% 4
MATTAPAN 121 22 2,815 0 2,553 2,910 5,517 3,708 4,706 0 1,364 0 0 0 0 0 128 71 24 23,940 5.4% 6
ROSLINDALE 39 44 2,625 0 3,439 3,114 6,472 4,489 0 0 1,464 1,418 0 0 0 0 116 23 8 23,251 5.3% 8
WEST ROXBURY 0 386 2,451 0 3,631 2,973 7,076 5,396 0 0 0 0 0 0 0 0 149 141 0 22,203 5.0% 9
HYDE PARK 122 22 2,846 0 2,980 2,942 6,217 4,283 0 0 0 0 0 0 0 0 129 71 24 19,636 4.4% 11
CHELSEA 0 1,051 248 6,345 844 191 645 911 231 124 100 107 35 30 102 73 0 0 599 11,636 2.6% 15
REVERE 4,022 1,647 428 8,893 794 62 536 1,571 119 104 173 184 30 9 154 64 0 0 1,053 19,843 4.5% 10
WINTHROP 1,840 229 217 2,713 0 0 0 293 35 53 88 93 15 5 0 32 1,435 1,590 0 8,637 2.0% 16
_ __ 1ES 441,267 100.0%
Sources:
author's computation based on:
Employment data from 1990 Census.
Job location data from Central Transportation Planning Staff (CTPS) (1990).
Appendix 10
Effective Distance Saved
Using Ridership Estimated with Residential and Job Location Data,
Assuming Only Transit Riders Benefit (Scenario B),
Assigning Zero Values on Trip Savings to Peripheral Trips
es (ij) = d'ij x n(ij) (in 000 meters)
To
4 0
From 60 6 2 .5 j 0 08..a~
EAST BOSTON 68 124 670 - - - 162 19 29 48 51 8 3 18 - 659 200 2,058 1.5% 16CHARLESTOWN 57 37 - 68 - 182 320 126 4 15 16 1 2 58 3 230 228 21 1,368 1.0% 18SOUTH BOSTON 71 25 - 265 577 513 784 495 775 401 344 367 113 100 249 237 37 40 13 5,405 4.0% 9
CENTRAL 39 - 27 - - - - 56 - - 11 12 - - - 97 86 17 345 0.3% 19BACK BAY/BEACON HILL - 25 319 - - 155 794 746 562 256 129 137 57 72 204 137 69 41 3,704 2.7% 13SOUTH END - - 763 - 417 - 1,539 1,028 1,369 695 362 359 174 176 450 365 42 9 - 7,747 5.7% 6FENWAY/KENMORE - 117 745 - 1,365 982 - 1,942 1,899 829 458 433 210 234 683 492 91 48 - 10,528 7.7% 4ALLSTON/BRIGHTON 311 730 1,670 1,819 4,558 2,331 6,902 - 5,107 2,003 1,055 977 502 577 1,850 1,206 455 495 61 32,607 24.0% 1JAMAICA PLAIN 18 136 1,242 - 1,629 1,474 3,205 2,425 - 1,175 693 671 303 - - - 55 18 3 13,047 9.6% 3ROXBURY 57 10 1,381 - 1,594 1,608 3,007 2,043 2,526 - 756 734 - - - - 63 33 11 13,823 10.2% 2NORTH DORCHESTER 55 20 694 215 469 490 972 629 871 442 - - 110 112 - 30 32 11 5,153 3.8% 10SOUTH DORCHESTER 119 44 1,490 463 1,007 978 1,852 1,175 1,700 865 - - - 219 - - 64 70 23 10,070 7.4% 5MATTAPAN 37 7 870 - 789 899 1,704 1,145 1,454 - 421 - - - - - 40 22 7 7,395 5.4% 7ROSLINDALE 11 12 716 - 938 849 1,765 1,224 - - 399 387 - - - - 32 6 2 6,339 4.7% 8
WEST ROXBURY - 60 382 - 566 463 1,103 841 - - - - - - - 23 22 - 3,461 2.5% 14HYDE PARK 26 5 603 - 631 623 1,317 907 - - - - - - 27 15 5 4,158 3.1% 11CHELSEA 
- 240 57 1,450 193 44 147 208 53 28 23 24 8 7 23 17 - - 137 2,658 2.0% 15REVERE 817 335 87 1,807 161 13 109 319 24 21 35 37 6 2 31 13 - - 214 4,032 3.0% 12WINTHROP 442 55 52 652 - - - 70 8 13 21 22 4 1 - 8 345 382 - 2,076 1.5% 17
I _ _ ES 135,974 100.0%
Sources:
author's computation based on:
Employment data from 1990 Census.
Job location data from Central Transportation Planning Staff (CTPS) (1990).
Figure 1
Fraction of Total Passenger-miles Savings going to Neighborhood i (Wes(i))
vs. Number of Commuters (Ni)
Assuming All Commuters Benefit Regardless of Transportation Mode
Using CTPP Ridership Data
Allston / Brighton
Jamaica Plain
* Roxbury
* South Dorchester
* *
Charlestown
Central
25%-
20%-
15% -
10% -
5% -
0%
5000 10000 15000 20000 25000 30000 35000 40000 45000
Figure 2
Fraction of Total Passenger-miles Savings going to Neighborhood i (Wes(i))
vs. Number of Commuters (Public(i))
Assuming Only Transit Riders Benefit
Using CTPP Ridership Data
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Figure 3
Fraction of Effective Savings going to Neighborhoods i (Wes(i))
vs. Share of Employed Residents in the Neighborhood (Wemp(i))
Assuming All Commuters Benefit Regardless of Transportation Mode
Using Ridership Estimated with Residential and Job Location Data
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Figure 4
Fraction of Effective Savings going to Neighborhoods i (Wes(i))
vs. Share of Transit Riders in the Neighborhood (Wpublic(i))
Assuming Only Transit Riders Benefit
Using Ridership Estimated with Residential and Job Location Data
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Figure 5
Share of Transit Riders (Wpublic(i))
vs. Share of Employed Residents in the Neighbrohood (Wempl(i))
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